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ROTARY OR CENTRIFUGAL 


...Which one is best for your application? 


Rotary or centrifugal? Sometimes the choice 
is easy. 


For example, you would use a 
rotary pump for very viscous liquids (over 
2500 s.s.u.). Or where poor suction condi- 
tions exist. Or when positive displacement 
is required. Centrifugal pumps would be 
used for extremely corrosive or abrasive 
liquids, low viscosity liquids (under 2500 
S.S.u.) water, slurries, or petroleum products 

But . . . in many applications combina- 
tions of these factors exist. Or the liquid you 
want to pump is not clearly in either area. 
Then there are other considerations such as 
initial cost, operating cost, lubrication value 


of the liquid, location and even budget 
limitations. 

All of these considerations can put you in 
the middle—where either a rotary or cen- 
trifugal can be used. The best choice can 
only be made by someone with experience 
and knowledge of both types. 

As one of the few manufacturers of a 
complete line of both rotary and centrifugal 
pumps, Worthington can help you select the 
best, most economical solution to this 
perennial pump problem. For the name and 
address of your nearest Worthington repre- 
sentative, consult the yellow pages. 


P.S. If you'd like a copy of a 50-page 
booklet, ““Rotary and Centrifugal Pumps: 
Theory and Design,”’ please write to 
Worthington Corporation, Section 20-14, 
Harrison, New Jersey, for bulletin G-2666. 


WORTHINGTON 
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FEATURED: 


DESIGNING A SOLDERED ELECTRICAL CONNECTION ... H H Manko 
Just how one handles this toughest of soldering problems 


PRESS-FORGE YOUR STEEL CASTINGS .. . J T Berry, T Watmough 
It's a hybrid process that improves strength and reliability 


WILL SOLID-FILM LUBES TAKE PUNISHMENT? . . . B D McConnell 
The latest on their ability to endure high temperature and vacuum... . 


HOW TO FILE IT—EFFICIENTLY . . . R W Carson 
With these practical methods are tips on saving time and space 


HOW TO LISTEN—AND REMEMBER .. . E J Tangerman 
Ten ways to be a bad listener—2nd article in a 3-part series 


FOR DEEPER THREADS IN SHEETMETAL .. . F Strasser 
They'll give a better grip; here’s how to get them in thin metal 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Here’s more data on beryllium 
Ozone-resistant butyl rubber for low-cost parts 
Phenolic compound, Orlon-reinforced, molds well in thin sections 


Basic studies of wheels are underway 
Miniature “thermal history” gage is coming up 
Rotating-bellows seal works at temperatures from —350 to 800 F 


Higher speed for high-speed computers 

This transducer material sports unusual properties 
Enameled capacitors get high reliability rating 

Switch actuator does work of two 180° cams back to back 


Controlled freezing trims molded rubber 
It’s a pushbutton to safety 
Measures specific gravity on the run 


Moving furnace sinters long ceramics 
New machine to perforate plastics and fabrics 
Melting point controls oven temperature 


Aftermath of war: How we got Germany’s shell-molding secret 
Aerospace industry vies for contracts 
Cover story—our staff reports the annual Design Show & Conference 
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TIME DELAY 


Limit Switch 
Bulletin 802T 





TIME DELAY 


Push Button 


Adjustable From 1 to 15 Seconds 


This new Allen-Bradley development should solve 
such occasional problems where, upon the operation 
of the push button or limit switch, a slight time delay 
should occur. Time delay is adjustable up to 15 
seconds—and it can also be introduced when “‘stop- 
ping” the operation—but not in both the “starting” 
and “stopping” cycle. 

Both push-button and limit switch are relatively 
low in cost—ideal for applications where a delay of 
only a few seconds is desired, and where the repeti- 


ALLEN -BRADLEY 


Member of NEMA 
® ' 
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tive accuracy of the Allen-Bradley Bulletin 849 time 
delay relay is not necessary. Both units have single 
pole, double break contacts—either normally open 
or normally closed. They are no more difficult to in- 
stall than the corresponding units without the time 
delay feature. 

Machine tool and production system designers 
should have full information in their files on these 
new Allen-Bradley time delay push buttons and limit 
switches. It is yours for the asking. Write today. 
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CONTROL 
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On our cover—Show time in Detroit’s new Cobo Hall. 
More than 18,500 people filed through the aisles, viewing 
the more than 15,000 components on display—from micro- 
miniature lamps, circuits and screws to enormous beam 
sections and internal combustion engines. Over 400 com- 
panies participated in the exposition. Because the show 
was held Detroit for the first time, the opening con- 
ference session was entirely devoted to design engineering 
in the automotive field. Representatives from the major 
auto companies discussed “Designing for Today’s Com- 
petitive Market.” A rundown of their views, plus a com- 
plete show report is on page 17. 


Secrets in Salt 


Directly after World War II, American and British 
forces sent hoards of technical experts into Germ: iny in 
hopes of uncovering some of their many secret industrial 
processes. One of the investigators for the Technical 
Intelligence Div of the U.S. Dept of Commerce was 
William McCulloch, Alabama-born and bred, but with a 
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knowledge of the German language. He was sent to Essen 
to try and learn the German process used to salvage the 
thin coating of tin used on tin cans. The man who knew 
the process had adamantly refused to speak to McCulloch’s 
colleagues, who spoke German fluently. But when the 
manufacturer heard his native language tempered with 
a Dixie accent he talked freely about his tin-recovery 
process. After McCulloch had gathered all the informa- 
tion, the manufacturer explained further why he wouldn't 
talk to the others. They spoke German like natives and 
might be former Nazis coming back to harass him; but 
the fellow with the southern accent just had to be an 
American. 

McCulloch’s next coup was tracking down a German 
named Johannes Croning, developer of a process called 
“das Formmaskenverfahren” or shell molding—by coating 
special molding sands with a phenolic resin a mold can 
be made which produces castings with a superior surface 
finish and close dimensional accuracy. (lor an on 
forged castings, see page 68.) 

For this process, a team of investigators sifted through 
the files of the Krupp works, to no avail. Then, informers 
led the group to the Harz Mountains, where more than 
half a million pages of Krupp documents were found 
concealed in salt mines. In an adjoining mine was found 
the cache of secret patents buried by the German Patent 
Office. These documents led McCulloch to the location 
of Croning. He was living in Hamburg, working with a 
dozen other men in a sail metallurgical laboratory. At 
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first, Croning was reluctant to discuss his process; however, 
with prodding he showed McCulloch how he could pro- 
duce valve castings and cores. When Croning realized 
that his German patents were in public domain (as a result 
of agreements reached at the Potsdam Conference), he 
fully cooperated with the American agents. 

The shell molding process led to Croning’s receiving 
the John A. Penton gold medal of the American Foundry- 
man’s Society in 1957. 


That Paper-storage Problem 


As our technology expands, so does the paperwork. ‘T’o 
launch a missile may require a ton of fuel, but before 
the missile is airborne at least a ton of letters, blueprints, 
memos, order forms, security documents, etc, have been 
written, mailed and stored. Record-keeping has long been 
an important part of business technology. Misfiling is a 
costly and wasteful part of the management bill; it results 
in time-loss to executives as well as to clerks. While costs 
for such misfiles vary with each type of business, Diebold 
Inc, manufacturers of filing equipment, has estimated that 
the average cost for each record temporarily misfiled is 
over $60—permanent loss of records brings much greater 
costs. ‘The company also estimates that American busi- 
nessmen spend $12 billion a year just to maintain records, 
employing over 9 million clerical workers to do the job. 

Filing received its greatest headache when Gutenberg 
invented movable type. From then on, men could quickly 
reproduce copies of anything they wanted—copies that 
demanded more and more storage space. For several cen- 
turies there was no generally accepted system for filing. 
As nations grew, so did the amount of paper work. Thomas 
Jefferson, for example, wrote so many letters that, in self- 
defense, he invented an automatic signature—forerunner 


of todav’s rubber 
stamp. The result: 
more letters could be 
sent, more docu- 
ments had to be 
stored. 

The invention of 
the typewriter in the 
19th century, and 
then the introduc- 
tion of carbon paper, 
added more _paper- 
work to be filed. One 
of the major develop- 
ments in data stor- 
age was made by 
Melvil Dewey in 
1872 when he sug- 
gested his decimal 
system for classifying 
books. He divided all 
his knowledge into 
ten categories of 100, 
from 000 to 999. He 
further subdivided 
these into tenths, 
hundredths and 
thousandths. 

Today's filing problems are near monumental. It has 
been estimated that the average company president Te- 
ceives 130 letters, memos and reports daily, and he files 
about 35% of them. Engineers, too, are burdened with 
numerous files. The article on p 74 presents some pointers 
on how to organize a personal filing system. 

—Benedict A Leerburger Jr. 


Early 15th century print depicts 
forerunner of today’s rotary file. 
How widely it was used is not 
known, but since few could read or 
write, it was probably limited to the 
nobility and clergy. Note early use 
of wooden gearing. 








for their revision. 


simplify finding the stress. 


give their points of view. 








NEXT WEEK IN PRODUCT ENGINEERING 


Selecting Clutches for Mechanical Drives 


No longer mere switching devices, todays’ clutches can do a multitude of 
power-transmission jobs. This procedure helps you pinpoint the type, location 
and size of the clutch you want. 


Nonstandard Ratings for Integral-hp Motors 
NEMA standards haven't been updated for 30 years. Here’s a suggested format 


. Stresses When Curved Surfaces Touch 
Because their contact area is small, stress is high. Here are two factors that 


. What Technical Problems Need Solving in the Primary-metals Industry? 
Representatives from the copper, titanium, beryllium and aluminum industries 
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Complete ductwork system of new Humble Oil Building is... 
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GUARDED BY GALVANIZED STEEL 


When this handsome Humble Oil office building in Houston, 
Texas, is finished in 1962, it will be the tallest building 
west of the Mississippi River. All 44 floors will be served 
by galvanized steel ductwork. That’s 700 tons of skin-tight 
zine-coated steel—a combination of tough durability and 
excellent corrosion protection with the broadest economy 
east or west of the Mississippi River. Galvanized steel’s 
economy starts with fabrication, continues with erection 
and installation and is perpetuated in what little mainte- 
nance is required after that. 


MIDWEST STEEL 


Portage, Indiana 


WEIRKOTE® IN PARTICULAR!—That’s the choice of 
Mr. Harold W. Looney, owner of Looney’s of Texas, Inc., 
sheet metal contractor, for all 700 tons of ductwork in 
this new building. To the inherent strength of steel—to its 
economy, versatility and advantageously low expansion 

contraction rate —Weirkote adds flawless fabrication and 
long-lasting corrosion protection. Chip-free, crack-free, 
peel-free Weirkote is manufactured by two National Steel 
divisions, Weirton Steel and Midwest Steel. Write Weirton 
Steel Company, Weirton, West Virginia, for further details. 
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WEIRTON STEEL 


Weirton, West Virginia 


divisions of 
NATIONAL STEEL CORPORATION 
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WHAT'S HAPPENING IN RESEARCH... 


Higher speed for 
high-speed computers 


Closer attention to “secondary” fac- 
tors in design of magnetic memories 
can do much to overcome the limita- 
tions now facing the big, high-speed 
computer systems, say Michael M. 
Stern and Herbert A. Ullman of Syl- 
vania Electronics Systems. Among 
these factors: storage-element drive 
power requirements, self-heating and 
signal-to-noise ratio characteristics. 

These are by no means the only 
limitations. Wires are long in the 
interwiring matrix of the big com- 
puters, and the transmission delay 
time may be appreciable. Reflections 
in the wiring may also result in un- 
wanted ringing. “Cross-talk” between 
drive and sense wiring may complicate 
detection of stored information. 

What can be done? To find out, 
Svlvania’s researchers built a 0.8-micro- 
sec, 10,000-bit random-access core 
memory and now report that modifica- 
tions in switching elements and core 
plane winding can substantially in- 
crease switching speed. Signal-to-noise 
ratios can also be improved. 

Speed and power capability of semi- 
conductor devices now limit drive- 
circuitry performance. But, say Stern 
and Ullman, “Studies have shown that 
if the timing of the multiplicity of cir- 
cuits in a memory system is dependent 
on only a very few ‘maser circuits,” it 
is possible to relax the specification on 
the largest part of the circuits and 
still achieve the high-speed operation.” 


More data on beryllium 
Beryllium reports, long held secret, 
are beginning to emerge from govern- 
ment They provide 
needed design data on thermal and 
structural abilities of the material. 
Latest released is a study made at 
Langley Vield four years ago. Model 


laboratories. 


nosecones, fabricated of pure beryl- 
lium and beryllium copper, were ex- 
posed to a 4000-F jet. Neither metal 
showed evidence of burning. But the 
beryllium was able to stay in the jet 2 
to 4 times as long as the beryllium cop 
per before it began to melt, and there 
was less than half as much ablation. 
The Langley Field report, prepared 


by W. H. Kinard, also provides a use- 
ful comparison of thermal properties 
of the two materials: 

Beryllium melts at 2343 F; beryl- 
lium copper at 1587. 

Specific heats are 0.516 and 0.1 
btu/lb/°F. Thermal conductivities: 
0.20 and 0.16 btu/ft’/°F/sec. 

Density figures point up another 
big reason for the emphasis on the 
pure metal: It weighs in at 0.66 Ib/ 
in.” The alloy’s density is 0.297. 

(Note: For more information on 
beryllium and its alloys see PE—Mar 

7 °58, p 16; Dec 7 "59, p 39; June 
20 ’60, p 72.) 


briefs . . . 

New thermocouple data, including 
curves of temperature plotted against 
emf for many types of couples incor- 
porating alloys of the platinum group 
metals; a table of properties of the 
platinum alloys; and pointers on cali- 
bration and use of thermocouples be- 
come available to US engineers in a 
hard-bound, 43-page illustrated book 
prepared by Johnson Matthey & Co 
Ltd. The latest edition, just published, 
can be obtained free of charge through 
JM’s US office 608 Fifth Ave, New 
York 20. 


The “spectra of science” —not just the 
light spectrum, but also the electro- 
magnetic spectrum, the temperature 
spectrum, the radio-T'V_ spectrum, 
the sonic “spectrum,” and even 
the geological time ‘“spectrum’”— 
are charted in a full-color wall-size 
chart (it folds to pocket size for con- 
venient carrying) prepared by the 
Atomic, Physics & Science Fund. A 
companion piece to the Fund’s peri- 
odic chart of the elements (PE—May 
30 ’60, p 9), it’s available free of 
charge to PE readers from Columbian 
Financial Corp (manager of the APS 
Fund), 1033 W 30th St, NW, Wash- 
ington 7, DC. 


More high-purity metals become avail- 
able for research as Asarco adds nine 
more to the group it’s offering at 
99.999% purity on an “off-the-shelf” 
basis. The newcomers: antimony, ar- 
senic, bismuth, cadmium, gold, in- 
dium, silver, and tellurium. Previously 
available: copper, lead, thallium, and 
zinc. About half are sold in pound 
lots; the rest in grams and ounces, 
with prices (except for the precious 
metals) ranging from $5 a pound (for 
bismuth) to $30 (for tellurium). 

Data sheets are available through 
the company’s sales offices. —ARG 





Basic studies of 
wheels underway 

How does terrain influence move- 
ment? What is the optimum wheel 
design for specific soil conditions? 
A lot of laboratories are working on 
these problems. One of the newest 
and best-equipped: Army Engineers’ 
Mobility Research Center at Vicks- 
burg, Miss. It has a remarkable array 
of soil-preparation and testing equip- 
ment, instrumented traveling cars, and 
a mobile carriage on which vehicle 
models can be mounted (see photo). 

Information is being collected on 
the dynamic variables of speed, hori- 
zontal force, sinkage, slippage, rolling 
resistance, tractive effort, and a host 
of other factors; and reports will be 
made available for general engineering 
use. The Center itself is open week 
days for public inspection and visitors 
are welcome. 


MODEL WHEELS are mounted on 
aluminum carriage at Mobility Re- 
search Center. Vertical and horizontal 
loads can be applied; and measure- 
ments, converted into electrical signal 
analogs, are transmitted through cables 
to an instrumentation center. 
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IMPACT RESISTANCE 
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In blow-molding... 


Only Cellulosics offer 
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toughness and transparency 


with economy 


New blow molding techniques, new cellulosic materials can 
mean improved products and lower costs for you. And you 
can depend on Celanese for the newest and best in cellulosics! 
Bottles, for example, blow-molded of Celanese cellulosics 
are light in weight . .. economical . . . far stronger and impact- 
resistant than similar bottles of many polyethylenes. And 
they will hold many products polyethylene can’t. Proof? 
Refer to the charts on this page. And specific formulations 
can be had with either FDA or Underwriters approval. 
Celanese Forticel and Celanese Acetate are two cellulosics 
well worth your interest. Both are high impact, rigid, shatter- 


resistant plastics. They offer fine surface, color permanence 


C Plaucsce 


Celanese Polymer Company is a Division of Celanese Corporation of America 
Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver 
Export Sales: Amcel Co., and Amcel Co., lac., 180 Madison Avenue, New York 16, 


—come in transparent or opaque formulations. Acetate is the 
mature, proved plastic while Forticel has the best combination 
of properties of all the cellulosics. 

Don’t you overlook the tried and true advantages of cellu- 
losics—for various uses from bottles to industrial com- 
ponents. Only cellulosics offer you both toughness and 
transparency at a reasonable price. Celanese® Forticel® 


CLIP THE COUPON FOR DATA ON CELLULOSICS! 


Celanese Polymer Company, Dept. P-103-F 
744 Broad Street, Newark 2, N. J. 


Please send me bulletin A3-B “‘Blow-molding Cellulosics” 
NAME_____ 

COMPANY 
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Miniature “thermal history” gage coming up 


A gage no bigger than a dime, which can be attached to motors, turbines, and other 
equipment to record service time at specific temperatures, is in the development stage 
at Ilikon Corp, Natick, Mass. 

The gage consists of a bundle of fine wires, held in an electrically insulated frame. 
Composition of the wires is such that their electrical resistance will change on a pre- 
dictable basis with time and temperature. This change records the thermal history of 
the machine to which the gage is attached. Ilikon says it requires no outside electrical 
connections, can be used in any environment in the 1300 to 1800-F range. 

Working models have been built, but Ilikon emphasizes that much work remains 
to be done before the unit is ready for marketing. ‘Target date for commercial intro- 
duction is the end of this year. 


Ozone-resistant butyl for low-cost parts 


A butyl rubber “with greater ozone resistance than any other commercial general- 
purpose rubber” and the ability to accept large quantities of fillers and plasticizers is 
being readied for market. 

Esso Research & Engineering, which developed the new polymer, believes its ability 
to accept large amounts of fillers and plasticizers should enable production of finished 
parts at unusually low cost. Expected applications range from electrical insulation and 
weatherstripping to foamed and molded parts. 

The material is now in pilot production and samples are available from Enjay Chem- 
ical, which will market it. 


Moving furnace sinters long ceramics 


A reverse twist on the usual sintering procedure is helping United Kindom Atomic 
Energy Authority produce sintered ceramic parts of almost any length. It’s much like 
a zone-refining technique in which a heater—and therefore the sintering zone—travels 
along the compact, rather than the reverse. Contraction of the heated zone does result 
in necking of the compact, but there is no cracking if the process is carefully controlled. 

Furthermore, say J. E. Antill and Henry Lloyd of UKAEA, for a given temperature 
and rate of furnace motion, the final density is reproducible. A description of the process 
is contained in British Patent 848,571. 


New machine to perforate plastics and fabrics 





A novel method for producing 
perforated plastic sheeting and [oke-up reel 
also providing heat-sealable areas ( 
has been devised by Kendall Co 
engineers. It’s a process which 
turns prescribed areas of crystal- 
line plastics—Mylar, Saran, Kel-F 
—into amorphous regions that 
melt at lower temperature, can 
be heat-sealed, and are readily 
perforated. . 
A stream of hot fluid (liquid gHEET PERFORATOR consists of rotating cylinder 
or air) is directed across the with perforated surface which serves as film support, 
sheet while it’s supported on a_sioOPilus reels and jets. Here, air is the hot fluid. Process 
perforated, heat-conducting base, ™ay be applied to fibrous materials as well as film. 
In the areas where the sheeting 
touches the conductive material, the plastic is kept cool and retains its crystalline struc- 
ture. But in the unsupported areas, it heats, softens or melts, and holes are made. 
Best results are obtained with jets at between 500 to 1700 F and film speeds from 
12 to 100 fpm (depending on type of film and whether it is to be softened or melted). 











IStiC sheeting - 
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This transducer material sports unusual properties 


A ferroelectric with an unusually high transition point (above 1200 F) is being 
developed by Westinghouse research labs. The material: bismuth titanate. It’s 
closely related to the well-known piezoelectric barium titanate; but has valuable char- 
acteristics of its own. 

The compound itself is not new; but earlier investigations failed to uncover its 
ferroelectricity—probably because measurements were not extended to the very high 
Curie (transition) point. However, E. C. Subbarao of Westinghouse reports that it 
has a definite dielectric constant peak and shows a definite hysteresis loop. 

The material is not yet available commercially. But it has been made in both single- 
crystal and in polycrystalline form; and its high transition point and low lattice dis- 
tortion, which recommend it for high-temperature transducers, are encouraging further 
work. 


Enameled capacitors get high reliability rating 


Solid-state capacitors with new vitreous enamel] compositions as the dielectric material 
are showing failure rates as low as 2.4 x 10° per thousand hours, says A. S. Takacs of 
Vitramon Inc, Bridgeport, Conn. And, he says, tests now in progress are expected to 
demonstrate failure rates on the order of 10~* per thousand hr at 200 C with a test 
voltage of 50 v dec. 

Furthermore, he claims, these capacitors show practically no electrical drift. At 
room temperature, insulation resistance of 1000-pf units is 10“ ohms and dissipation 
factor is 0.000,35. Even at 250 F, insulation resistance is 5 x 10” ohms; dissipation 
factor, 0.0015. Room-temperature tests after 2000 hr at 250 F with 150% of rated 
voltage applied, show virtually no change in the original values. Insulation resistance 
returns to 10“ ohms and dissipation factor to 0.0035, with a capacitance change of 
less than 0.05%. 

A preliminary report on the capacitors was presented at the Electronic Components 
Conference, and Takacs says prototypes are now undergoing military qualification and 
other tests as part of a long-term reliability rating program, expected to be completed 
late this year. 


Melting point controls oven temperature 


A constant-temperature oven with a novel 
means for turning itself on and off has 
been designed by D. J. Fewings of Mar- 
coni’s Wireless Telegraph. 

The basic principle is simple: The 
component to be maintained at a constant 
temperature, and a heater coil, are em- 
bedded in a material which expands as it 
melts and activates a switch that turns 
the heater on and off. 

As long as heat input is less than or 
equal to heat loss, current flows to the 
heater. When input exceeds output, and 
the system temperature begins to rise, the 
solid melts, expands, compresses the bel- 
lows and hits the switch. 

In the unit pictured, naphthalene 
(melting point, 175 F) is the active ma- 
terial. It meets the temperature require- 
ments for the crystal oscillator and has Cy | = 5) OM] ea 
the advantage of “adjustability” (adding a i a 4 





Heater winding 
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anthracene can vary its melting point by 1 - ME ji -——— 
about 6 deg) and a rather large change pee - 

H ° Filling tube 7 Crysto// Bellows Microswit 
in volume on melting—over 10%. How- 

ever, other compounds can be used. CONSTANT-TEMP OVEN for crystal oscil- 


Fewings says the change of internal lator is pictured above, with crystal and 


crystal holder. Diagram shows ove -on- 
temperature can now be held to about oe : S ee re oe 
struction. Naphthalene surrounds crystal 


ie a a 
1/173 of the change in external tempera- holder, presses against bellows chamber as 
ture, and it can be improved.—-ARG it expands and activates the switch. 
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Tough, durable Mylar* 
cuts costs...improves 
product performance 


1. Conveyor belts of “Mylar” 2.Age-resistantrecordingtapes 3. Roll-back shelving of 
are easy to install, need fewer of ““Mylar’’ won’t ever dry out “Mylar” gets rid of retail stack- 
replacements, are easy to keep or get brittle . . . are highly ing and stocking headaches. 
clean . . . cut “downtime,” re- _stretch- and break-resistant... As shoppers remove items, 
duce costs. assure lasting fidelity. ““Mylar”’ rolls back. 


For example, “‘Mylar’’* polyester 
film gives many products extra 
resistance to chemicals, moisture 
and aging . . . lengthens their life. 
Today,‘‘Mylar’’, with its high ten- 
sile strength in thin gauges, is im- 
proving the performance of prod- 
ucts as different as wire and cable 
tapes and loose-leaf-sheet protec- 
tors. 

Can this unique plastic film and 
products made with it help you? 
For more information on “Mylar’’, 
write the Du Pont Company, Film 
Dept., Room S-8, Wilmington 98, 
Delaware. 


Better Things for Better Living . .. through Chemistry 


DU PONT 


MYLAR 


POLYESTER FILM 
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ball bearings by Link-Belt 


Reasons why Link-Belt __ 
ball bearings are “first choice” 
with design engineers 


@ LONG LIFE—Self-aligning, precision, deep-groove, 
single-row ball bearings provide highest capacity 
for radial or combination radial-thrust loads. 
SMOOTH, QUIET OPERATION—Honed to a micro- 
finish, raceways and precision balls minimize fric- 
tion. : 
IMPERVIOUS SEALS—Provide positive grease-in, 
dirt-out protection to assure full bearing life. 
SIMPLE INSTALLATION—Steel collar locks bearing 
securely to shaft. Slotted bolt holes facilitate 
mounting. 
MINIMUM HEADROOM REQUIRED—Pressure relief 
fitting is mounted at 45° from vertical . . . makes 
it easy to lubricate in close-clearance applications. 
ma a BALL BEARING PILLOW BLOCKS 
VARIETY OF HOUSINGS— Types and sizes for every WITH ONE-PIECE HOUSINGS—-Series 
application. 200 and 300 pillow blocks for 2” to 4” 


shafts. Most popular housing design! Lub- 
ricated . . . ready for installation 


BALL BEARING PILLOW BLOCKS at BALL BEARING PILLOW BLOCKS 

WITH HEAVY-GAUGE PRESSED-STEEL WITH TWO-PIECE HOUSINGS—-Series 

HOUSINGS—Low-cost Series JPS-200 pillow blocks 200 and 300 pillow blocks for 1%” to 

for 42” to 1-7/16” shafts. Completely assembled, 3-15/16” shafts. Large lubricant reservoir for 
ready to install .. . lubricated for life. oil and grease lubrication. 


Also available .. . standard mounted ball bearing units 


Le 
4-bolt 2-bolt flanged \) cartrid 
flanged a flanged cartridge " bloc ge 
block block block j ock 


For complete information on this all-inclusive line, contact your nearest Link-Belt office. Write for catalog. 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 
To Serve Industry There Are Link-Belt Plants, Warehouses, District 
Sales Offices and Stock Carrying Distributors in All Principal 
Cities. Export Office, New York 7; Australia, Marrickville (Sydney); 
Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); South Africa, 


MANUFACTURERS OF SELF-ALIGNING BALL AND ROLLER BEARINGS Springs; Switzerland, Geneva. Representatives Throughout the World. 
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Aerospace industry vies for contracts 
When Pres Kennedy publicly put the US into the race with the Soviets to be 
first to land a man on the moon, he touched off a scramble among the big 
aerospace contractors to get the Apollo contract. 


The reason is simple. Cost of the program will run into billions of dollars. 
And now that US prestige in space is tied directly—and openly—to winning 
the race, contractors know that there will be no lack of money flowing into the 
project. Estimates are that it will cost anywhere from $20 billion to $40 billion to 


put a man on the moon. 


Contractors are coldly calculating how to win the contract. It goes beyond 
sheer technical ability and plant and managerial capacities. The added ingredient 
of politics is being rated high in the maneuver. 


Some companies privately reveal that they are purposely not bidding on some 
contracts now so that they won’t already have large space contracts when the 
time comes to award Apollo. The reason is semi-political. They can argue for a 
spread in the space dollar, a factor that may be sufficient to swing the contract 
their way. 

Production contracts for the big Saturn booster’s first and second stages will 
be let by the National Aeronautics and Space Agency late this summer or fall. 
Although these contracts will be multimillion-dollar in size, some companies 
will pass them. They want to be in a better position for Apollo—size of its con- 
tract over the several years makes the gamble worth taking. 


Navy announces radical ship designs 


A new fleet of radically designed naval research ships has been announced. Ships 
of the future include high- speed hydrofoil craft operating up to 90 knots as 
troop-landing craft and antisubmarine vessels; hydroskimmers on the air-cushion 
principle operating in the 100-knot speed range and weighing several thousand 
tons, for virtually all kinds of naval uses. 


Along with the over-the-water fleet of vessels under development, ships that 
plow deep into the ocean and surface vessels that submerge are being developed. 
Under consideration are ships with bottoms extending down to 160 feet. The 
purpose here is to get submarine detection equipment deep down into the water 
for better operating efficiency. 


Navy designers have also come up with submersible aircraft carriers and landing 
craft as a method to escape detection. 


New submarines to operate far below the ocean surface are under development. 
An experimental vessel in the shape of a cylinder with ends closed by hemispherical 
heads will be used by Navy as a forerunner of future submarines. 


Navy describes oceanographic program 


A new 10-year oceanographic program to cost nearly $1 billion has been laid out 
by Navy. Called Tenoc-61, to denote the updating of the original 10-year ‘Tenoc 
plan, here is where the money would go over the 10-year period: surveys, $128 
million; forecasts, $18 million: information dissemination, $12 million; military 
oceanography, $245 million; new ships, $229 million; instruments, $46 million; 
facilities, $18 million; and basic research, $210 million. 
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ALL PURPOSE 


-150° to +650° F 
REASONS FOR POS 
A sensitive wide range unit 


SPECIFYING . with control point accuracy 
tL E equivalent to individually 
° . calibrated instruments. 10° 
rotating scale permits un- 


§ | D | Cc ATI y G usual readability and close 


settings. Available with dual 
TEMPERATURE | ie2.2""™ 
CONTROLS 


HIGH SENSITIVITY...on-off differ- 
entials from + .5° F with excellent 
repeatability 





LOW COST... (800 Series) -150° to +650° F 
Short dial spans of 50 to 200° F permit com- 
pact design only slightly higher in price than 
: ' non-indicating controls. Available with dual 
LOW COST .. . list prices from switches. 


$35.00 with generous quantity ; 
discounts HIGH TEMPERATURE .. . (900 Series) 
0° to +1000°F 

A NEW high temperature series with rugged 


E 36N i rs 
2k EASY MAINTENANCE . . . thermal stainless steel mercury filled thermal systems. 


assemblies quickly replaced in the For the USUAL or UNUSUAL application, United Electri 


laa mo loss of calibration offers quality controls at economical prices. 








PROVEN DEPENDABILITY... reli- SOE BOWES. SEe On 
Skeleton design permits direct incorporation 


able liquid-filled measuring systems , 

, re , into equipment —saving cost of enclosure. 
combined with simple service-proven / Many models with dial spans of 50 to 200°F.‘ 
components for accurate perform- Available with face plate for panel mounting. 
ance and long life 





SPECIAL PURPOSE ... -150° to +1000°F 
Shown here is a typical Special Purpose 
control used on medical equipment, such 


3K GREATER VERSATILITY. .. many 
styles, ranges, sensing elements 
OnE CHt chnnertenetes 0 4 ____as baby incubators, etc. WHAT IS YOUR 
hundreds of “custom-built” combi- REQUIREMENT? Chances are one of our 
nations standard controls will satisfy your needs. 


If not, we'll put our 30 years’ experience to 
work for you on special designs. 


Write TODAY for complete specifications and price information on 
U. E. Indicating Temperature Controls, Attention Dept. W. 

















i 


UNITED ELECTRIC CONTROLS CO. 


| 
| 
| 
NAME TITLE 
| 

85 School Street 
| 
| 
] 
l 





COMPANY. 





ADDRESS 





Watertown 72, Massachusetts 
SUBSIDIARIES 
, United Electrical Controls (Canada) Ltd.] United Sensor & Control Corp? 
O'Connell Avenue Dorval, Quebec Box 149 G'astonbury, Conn. 
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GOOD*“YEAR 


EXCLUSIVE! GOODYEAR 
GREEN@ SEAL V-BELTS 


to give you sets that are precision-matched in 
length to outperform...and outlast...all others 


At no extra cost, GREEN SEAL V-Belts also give you: 

Dimensional stability throughout the life of the belts via highly 
shrink- and stretch-resistant 3-T Process Cord or airplane-type 
steel cable. 

Protection against dampness through special mildew-inhibited 
rubber compounds. 


The most complete line of V-Belts in the industry—easily and 
quickly available through our nationwide network of distributors. 
Still another “plus”: The G.T.M.—Goodyear Technical Man—is 
available to help you select the right belts for any drive. 


For your best buy in multiple drive belts—including new 
money- and space-saving HY-T Wedge V-Belts—look to Goodyear. 
Also, get the full story on P.D. (positive drive) Belts and Variable 
Speed Belts from your Goodyear Distributor. Or write Goodyear, 
Industrial Products Division, Akron 16, Ohio. 


Lots of good things come from 


GOODFYEAR 


Me labartinthnecame iow” INDUSTRIAL PRODUCTS 
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Length-coding GREEN SEAL V-Belts to 1/32 — 
not just 1/10” like most belts—takes this ultra- 
precision machine. Only Goodyear has this type 
of equipment, which is set by means of fine- 
tolerance steel templates to insure accuracy. 
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Harnessing this big, 22-saw stonecutter for 3 full years 
required CoMPASS-V-Steel Belts by Goodyear. Over this period, 
the Goodyear belts helped carve up 20 tons of rock a day—over 
15,000 tons in all. Normal V-belt life in this type of rugged 
service is a scant 6 months. 
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RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 





Technical-ities 
By Fred E. Graves 
Fastening of 
“blind hole”’ joints 


Holes which don’t go all the 
way through a solid member 
must be tapped, of course. In 
shallow, small holes, in non- 
critical fastening, and in soft 
materials thread cutting screws 
work well and save time. 

But fastening large flanges, 
pressure plates, heads and the 
like to costly castings needs 
more precise production. These 
holes are 4” diameter and 
larger, affect design strength. 

THREAD EFFECTS 
Such holes are coarse threaded 
The coarse threads develop 
more thread strength than do 
fine threads, also take fewer 
turns in assembly. Studs go 
into the holes with an interfer- 
ence thread fit; hex screws with 
a simpler clearance fit. 

Desirably, studs should all 
be driven to same depth and 
bottomed. Because of normal 
manufacturing differences, 
various mismatched high and 
low tolerances will cause studs 
to project unevenly. Assem- 
blers often have to juggle. No 
such problem exists with hex 
screws. You just tighten to 
specified preload. And there’s 
no double driving operation, as 
with stud plus nut. 


STRENGTH OF BLIND JOINTS 
Tapped holes behave like nuts. 
Their threads adjust elastically 
and plastically to distribute 
stress and develop high thread 
tension. Is this harmful in re- 
peated disassemblies? Not at 
all. Hex screws have been in- 
stalled 50 times in cast iron 
test blocks, then tightened to 
failure without damage to 
tapped holes, 


Clamps like a hex screw 
Grips like an anchor 























Tensilock® screws offer you the 
ideal combination of high clamping 
force and high locking power. 

While a standard high strength 
hex screw can be tightened to a 
higher thread tension, its off-torque 
is less than its on-torque. 


ANCHORED IN PLACE 


The “Tensilock” screw features 
ratchet action teeth formed at an 
angle which will cut driving effort 
to permit you to utilize more of the 
full strength of screw. At equal 
driving torque, it not only develops 
90% of the strength of a high 
strength hex screw but also takes 
25% more torque to loosen than 
to tighten. 

Because of the flange’s concentric 
groove, it flexes, allows the screw to 
bear down solidly on its seat and 
develop a high level of thread ten- 
sion. At the same time the teeth 
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embed themselves, are aided in 
maintaining their grip by pressure 
of the spring-action flange. 

MAKES GOOD FRICTION-TYPE JOINT 
Clamping force from Tensilock fas- 
teners is sufficient to prevent slip- 
page of fastened members where 
holes are oversize or eccentric. Grip 
of the teeth keeps fasteners tight 
under conditions of vibration or 
cyclic temperature changes. RB&W 
“Tensilock”’ Nuts also 
available. Write for 
Bulletin TL-2. Rus- 
sell, Burdsall & Ward 
Bolt and Nut Com- 
pany, Port Chester, 

New York. 

@® Registered and Patented 

Plants at: Port Chester, N. Y.; Coraopolis, Po.; 
Rock Falls, Ill.; Los Angeles, Colif. Additional 


soles offices of: Ardmore (Philo.), Pa., Pitts- 
burgh; Detroit; Chicogo; Dallos; San Francisco. 
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This Year's DESIGN SHOW AND CONFERENCE 


I—THE CONFERENCE: 


Automotive executives discuss the country’s 


most competitive industry. ‘They field and fumble some pointed questions 
from the floor. Others cover electric vs hydraulic motors, powder-metal 
part design, adhesives, and some predictions for the future of filament 


winding. 


DETROIT 
are working on the warranted 100, 
000-mi car, some 1000 design engi 


America’s auto engineers 


neers were told here at the opening 
session of the ASME Design Engi- 
neering Conference at Cobo Hall. 
Manufacturers are reviewing their 
automobiles part by part to eliminate 
potential trouble spots, said Will 
Scott, in charge of Ford’s central prod 
uct planning office. 

“We realize that the cost of mak- 
ing a part right in the first place is 
only a small fraction of the cost of 
replacing or repairing it after the car 
is sold,” he went on. “It is industry’s 
responsibility to minimize the cost of 
maintenance and we are making 
progress that the public can feel in its 
pocketbook.” 

Scott insisted that there is no con- 
sumer “rebellion” against Detroit's 
product. American manufacturers, he 
said, can beat foreign competition 
without tariff protection, as the recent 
introduction of compacts has shown. 

The single automobile is no longer 
a status symbol, Scott concluded. 
“The number of cars a family owns is 
now the test. The really affluent fam- 
ily is the one that has so many cars 
it occasionally misplaces one.” 
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Carl E Burke, chief development 
engineer, American Motors, said the 
popularity of compact Cars 1s 1n their 
low maintenance cost. He said the 
automotive suppliers are making the 
greatest contribution to design. “They 
are specialists in their own fields and 
component parts they design deter- 
mine the quality of the car.” 

Herbert Bevans, executive engineer, 
Chrvsler, warned that the increasing 
use of salt to melt snow, together with 
unitized construction of cars, presents 
a major corrosion problem. American 
manufacturers, he said, are trying to 
deal with the problem so that “cars 
do not rust and fold up in the 
middle.” 

Commenting on model changes, 
Bevans added that “although engi- 
neers thrive on change, automobile 
companies resist change for change’s 
sake. Any improvement must improve 
car reliability and interest new cus- 
tomers.” 

Also speaking about model changes, 


Conrad F Orloff, assistant chief engi- 
neer, Chevrolet, pointed out that in- 
tense competition within the indus- 
try required that 
abreast of the market bv having the 


latest in design. 


companies stay 


“To stay competitive, a manufac 
turer needs a shorter lead time from 
planning to production, in order to 
improvements. At the 
same time lead time cannot be too 


incorporate 


short or crash programs will force tool 
ing costs and car prices too high,” he 
said. Robert E Abbott 


OTHER CONFERENCE HIGHLIGHTS 


Hydraulic motors are preferred over 
electric motors because of their much 
higher torque-to-inertia ratio and faster 
response, insisted Robert K Sedgwick, 
Kearney and Trecker. The problems 
with hydraulic systems are: their sensi 
tivity to fluid contamination, to heat, 
pressure surges, and the generation of 
noise. Sedgwick advises: 

e Put filters in bypass lines to avoid 
surges. 

eFlareless fittings are preferred to 
flared fittings, at least for the 2-in. 
size, because of their better depend- 
ability. 

e Higher pressures (over 3000 psi) 
allow the use of smaller tubing which 





“Good engineering or good styling is engineering or styling 


that can be sold at a profit.” 


—Will Scott, Ford Motor Co 
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is mechanically almost as strong as 
solid rod. 

e Hydraulic motors are usually over- 
powered for acceleration reasons. 
Valve failure may then put full pres- 
sure on a jammed cylinder and apply 
over 100,000 Ib trust on a machine 
member. 

Electric motors have problems too, 
said Frank C Rushing, Westinghouse 
Electric. Most users want a standard 
motor regardless of cost or tempera- 
ture capability (a special might cost 
less in some instances) because they 
fear a breakdown and later replace- 
ment problems, he said. Further, 
users object to a motor that feels hot 
even if it has been specifically de- 
signed to operate at that temperature. 
Rushing suggests a psychological trick 

put ribs on all high-temperature 
motors to reduce area of contact and 
ipparent temperature. 

Reducing cost of powder-metal 
parts requires a practical understand- 
ing of the limitations imposed by the 
process. Paul J Failla, Johnson Bronze 
Co, gave rules for improved quality 
ind reduced cost. Shape of the part 
must be such that: 

e It can be ejected from the die, 

© Powder is not required to flow into 
narrow splines or sharp corners, 

elt permits construction of strong 
dies and punches, 

e It has as few levels as possible. 

e Die friction limits the length to 
which a thin-walled part can be 
pressed. Maximum length is about 24 
times the diameter of the cylinder. 

Elastomer-resin film-type adhesives 
that require very little pressure be- 
tween mating surfaces during cure 
ire the latest development in struc- 
tural adhesives, according to W C 
O'Leary of 3M. adhesives, 
though expensive, are gaining in popu- 
larity because they are 100% solids 
ind easy to handle. Tensile and shear 
strengths are in the order of 10,000 
psi, and much strength is retained at 
temperatures as high as 350 F. 

Factors influencing performance of 
metal-to-metal adhesives, according to 
H R Butzlaff of A O Smith Corp in- 
clude: overlaps, metal thickness, tem- 
perature, film thickness, joint geome- 
trv, rate of loading, exposure condi- 
tions. On this last point, Butzlaff in- 
dicated that water immersion appar- 
ently affected epoxy adhesives more 
than nitrile-phenolic types. Further, 
re-baking vacuum brought 


Film 


under 


18 





“Automobile engineering and styling changes are vital to inter- 
est new customers and improve reliability.” 


—Herbert M Bevans, Chrysler Corp 








strength of nitrile-phenolic back up to 
100%, sometimes beyond this, while 
the same technique restored epoxies 
to only 50% of full strength. Test 
work at A O Smith has shown that 72 
hr in boiling water is a good acceler- 
ated test for comparing adhesives for 
water resistance. 
Other points of interest: 

e Machining an assembly after bond- 
ing can injure the joint, either be- 
cause of cutting loads or heat set up 
in the material. 

e Sand blasting the metal before bond- 
ing serves solely to clean the metal 
and does not materially assist the 
bonding process. 

e The upper temperature limit for 
organic adhesives remains about 500 F. 
e Weather exposure and water im- 


mersion are factors receiving close 
attention. 

Filament winding is still almost ex- 
clusively used in pressure vessels, with 
main emphasis in defense, according 
to Richard Gorcey, Rocketdyne. Stor- 
age tanks for corrosive fluids have been 
made by filament winding, but the 
main interest in the process is directed 
at promised high-temperature filament 
materials. A composite stress level in 
the range of 300,000 psi is expected 
in about five years. In the more hazy 
future Gorcey predicts eventual use 
of whisker materials in filament wind- 
ings, especially carbon whiskers, with 
a strength level of 850,000 psi, a mod- 
ulus of elasticity in the range of 
85x 10° and a density of only 0.061 
}b/cu in. 


Product Engineering presents Master Design Awards 


DETROIT—A }-in. drill, a TV cam- 
era, a two-speed bicycle transmission, 
a mass spectrometer, were among the 
nine products honored by Propucr 
ENGINEERING during the Design Show. 
Second Annual Master Design 
Awards, for achievement in product 
development, were presented by E. J. 
Tangerman, editor, at a luncheon in 
the Detroit Athletic Club May 24. 
“It is our intention to recognize 
the contribution made by individual 
engineers and designers despite the 
trend toward anonymous committee 
action and mass-attack research and 
development,” said Tangerman. 


Winning companies were: Knox 
Instruments Inc, Seattle, Wash; 
Bausch & Lomb Inc, Rochester, NY; 
KIN TEL Div, Cohu Electronics Inc, 
San Diego, Calif; Consolidated Elec- 
trodynamics Corp, Pasadena, Calif; 
Eclipse Machine Div, The Bendix 
Corp, Elmira, NY; Motorola Inc, 
Franklin Park, Ill; Disston Div, H K 
Porter Co Inc, Philadelphia, Penna; 
Radson Engineering Corp, Macon, 
Ill; Smith-Corona Marchant Inc, New 
York, NY. 

Detailed descriptions of the win- 
ning products appeared in PE—May 
22 61, p 35. 


DESIGNERS OF THE COMPACT ELECTRIC TYPEWRITER receive their 


certificates from Editor Tangerman. 


D. O. Chase and P. H. Stevens, left, were 


consultant industrial designers on the job. A. C. Zeamer, manager, production 
engineering, J. Barkdoll, chief project engineer, and R. Metzner, staff designer, 
industrial design dept, surround E. G. Moshier, vp engineering, Smith-Corona 


Marchant Inc. 
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Ten editors looked and listened 
II—THE SHOW: New ideas were plentiful—though many were 


hidden. 


asked .. .” 


“Not quite ready to release,” they said, 


“but since you 


MECHANICAL COMPONENTS 


Precision racks for instruments and servos . . . 

ire made to new standards, equivalent in accuracy to 
AGMA’s Precision classes for gears. Available from stock 
in lengths to 11 in., the racks, from PIC Design Corp, 
East Rockaway, NY, are supplied with a “certified” in- 
spection trace showing deviations in tooth-to-tooth and 
maximum overall error. Racks may be butted for greater 
lengths and adjusted linearly by meshing with another rack 
upside down and locking the butted racks. Available with 
20° pressure angle, diametral pitch from 24 to 96, and 
made of 2024-T4 aluminum or 416 stainless material. The 
newly established tolerances are: 


PIC Adjacent Non-adjacent Max Overall 
Class l'ooth-to-tooth Tooth-to-tooth Accumulated 
Rack Error Error Error to 11 in. 


PREC. 0.0005 0.001 0.002 
PREC. 0.0004 0.0007 0.001 
PREC. 0.0002 0.0005 0.0006 


Innovations in antifriction screws .. . 

give improved torque-limiting and position-locking char- 
acteristics. ‘The torque-limiting device (see sketch) is a 
development of Saginaw Steering Gear Division, Saginaw, 
Mich. The pair of ball bearings are preloaded by tighten- 
ing the spring washer so that it takes, for example, 10 in.- 
lb of torque to rotate the bearings. Linear positioning 
of the screw will cause the nut, the outer housing, and the 
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load (which may be a gear train) to rotate as one unit— 
providing the load does not exceed 10 in.Ib. Above this 
amount the bearing will rotate causing the nut to idle 
while the housing and load remain stationary. 

Another development is a one-way braking system 


Outer housing 
load Sor ng 
washer 


A 
A Osu ST, Ng 


developed by The Anderson Company, Gary, Ind, for 
their Roton bearing screws. 
ternal friction-disk brake to lock the nut to the screw. 
To move the screw, say to the right, a cam-release lever 


The device employs an in- 


must be actuated. This separates the friction plates, per- 
mitting infinite positioning in that direction. However, 
moving the screw to the left automatically releases the 
brake. The device is now being applied to a reclining seat 
mechanism in buses. 


Two-gear planetary system for high reduction . . . 
employs special-contour teeth to take up backlash. Devel- 
oped by Gleason Works, Rochester, NY, the system differs 
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from that of a typical three-gear planetary in that the sun- 
gear is replaced by an eccentric disk. The planet gear 
can be made almost as large as the ring gear, permitting 
higher ratios. 

Rotation of the input causes the planet to “walk” around 
inside the ring gear. Because the center of the planet de- 


Adjustment for 

backlash 

Ring gear 
(stationary/ /rapezoidal protile 


Planet gear 


Trapezoida/ 
fop profi /e 


Power- *N Ue 
teeth y \ 


Circulor } 
Y VY side protile 


Output ; : 


| 


Eccentric disk 


~ Bearings 


/nput 
shott 


Eccentricity 


scribes a circle, a second set of teeth are needed to trans- 
fer power to the output. The teeth have circular side 
profiles for extra strength (there is no generation), and 
trapezoidal top profile to permit axial positioning for elim- 
inating backlash. 


Self-clinched spherical bearings . . . 

of Delrin offer a new method for low-friction support of 
light-duty shafts or long push rods. Developed by Spyro- 
flo, Inc, North Miami Beach, Florida, a newly formed 


Pane/ 














Bearing Retainer 

division of Penn Engineering, the bearing is pressed on 
to sheet aluminum or steel with a punch using same 
technique as for clinch nuts. It can be replaced in same 
hole at least three times, and takes 10° shaft misalign- 
ment. Retainer is 2042-T4 aluminum or 303 stainless. 
For shafts #2 to 4 dia. 
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Spherical bearings with carbon-filled Teflon lining . . . 
show better wear and shock-absorption characteristics than 
bearings with woven Teflon lining. Developed by the 
Heim Company, Fairfield, Conn, for their Unibal spheri- 
cal bearings and rod ends, the new linings can take severe, 
repeated shock. Woven Teflon sometimes becomes self- 
crippling under such conditions because its fibers cut each 
other—but it has higher static load capacity and can take 
high speeds better. Teflon, in general, outperforms most 
metallic bearings (see ASLE report PE—May 15 ’6l, 
p 98). 


Self-locking bearing nut. . . 

has nylon pellet imbedded in the threads for preloading 
and retaining a bearing on a shaft. Usual solution is to 
employ an SAE bearing retaining nut in combination with 
a tab washer. This requires a milled keyway in shaft. 
Also, preload cannot be finely adjusted. The new self- 
locking nut by Nylok Corp, Paramus, NJ, avoids need 
for tab washer or keyway and holds precisely the preload 


desired. 


Packaged, throw-away right-angle gear sets . 

will soon hit the market. Housed in aluminum extrusions, 
and lubricated and sealed for life, gear sets with Spiroid, 
Planoid or Helicon systems will be offered by Illinois Tool 
Works, Chicago, as low-cost reduction units. Ratios from 
3:1 (to sell under $1 per unit in quantity) and up, using 
single, double and triple reduction arrangements. When 
noise indicates wear, the unit can be thrown away and 
replaced by a new right-angle gear set with little mainte- 
nance cost. 


Sprag clutch has leaf springs . . . 
for individual and more disciplined control of load-carrying 


sprags. Applied to a new line of miniature one-way 


clutches by Formsprag Co, Warren, Mich, the design 
replaces the familiar configurations using coil springs 
between groups of three sprags each. 


Brake system for single-revolution clutch . . . 

has built-in dashpot and spring to absorb impact energy 
of rotating masses at the end of each intermittent rota- 
tion. Clutch is always engaged, but output rotation is 
prevented by trip cam. Energization of solenoid pulls 
lever away from cam, permitting rotation. After full 
revolution, the backstop latch strikes trip lever, which 
drives the plunger into an oil chamber. The chamber is 
connected by orifice to another chamber. Flow is re- 
tricted, and impact energy absorbed. The spring also ab- 
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sorbs shock, but its main purpose is to return the plunger. 
Device, by Hilliard Corp, Elmira, NY, is still in develop- 
ment stage but should be available soon. 


Teflon oil seal with trapezoidal configuration . 
changes shape when clamped to seal high-pressures. This 
latest innovation by Garlock Inc, Palmyra, NY, employs 


Meta/ spiral-wound 
ring 


Teflon 





Pressure f 
After 
clampling 


Before 
clamping 


a spiral-wound outer ring and is recommended for hy- 
draulic-pneumatic equipment operating at pressures over 
10,000 psi. The seals can take corrosive oils at tempera- 
tures to 500 F. 


Constant-force coil springs and spring motors . . . 

are getting a bigger play. Associated Spring Corp, Bristol, 
Conn, is now entering this field with their Lev’l-Torq’ (a 
spring motor) and Tru-T'rac (a prestressed coiled strip). 
Hunter Spring Co, Lansdale, Penna, is offering $10 pack- 
ages of stock Neg’ator springs for research and develop- 


ment projects. Nicholas Chironis 


ELECTRICAL COMPONENTS 


Snap-together terminal blocks . . . 

made by Buchanan Electrical Products, Hillside, NJ, can 
handle 230-amp currents with conventional insulated 
conductors, and over 300 amp when conductors have hi- 


temp insulation. This new version augments Buchanan's 
older miniature line, and will mount in the same metal 
channel, using some of the same clamping hardware used 


previously, 


Snap-in panel mounting .. . 

for a prototype Microswitch by Minneapolis-Honeywell, 
Freeport, Ill, features all-nylon construction of housing 
and external holding fingers. Now being used for a refrig- 
erator light-switch, it carries 10 amp 115 v ac, has 2 in. 
overtravel of the pushbutton after actuation. 
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Control for magnetic coupling . . . 

developed by Louis Allis Co, Milwaukee, Wis, eliminates 
electron tubes. Solid-state elements such as silicon con- 
trolled rectifier transistors and diodes energize and control 
the field of heavy-duty couplings (750-hp version at show). 
Interesting feature is a transistorized triggering circuit for 
the SCR’s, replacing the conventional magnetic-amplifier 


triggers. 


Rod-and-tube thermostat .. . 
about 1 ft long and only 4 in. dia, is under development 


by CEMCO (Columbus Electric Manufacturing Co, Co 


lumbus, Ohio). Prototype (photo) has ¥s-in. Nilvar rod 


inside stainless steel tube, with differential movement of 
about 0.009 in./100 F. Rating of snap-action switch 
220 v ac, 1 hp. Franklyn D Yeaple 


continued, next page 
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FLUID POWER COMPONENTS 


Squeeze-type valve . . . 

is a novel solenoid-operated design exhibited by Airmatic 
Valve Inc, Cleveland, Ohio, for the first time at this show. 
Purpose of construction is to keep flow path (flexible tube) 


separate from actuating mechanism (pilot valve); corrosive 
fluids can then be handled. Air or hydraulic pressure 
from pilot valve collapses tubing over porting holes to 
close main valve. 


Variable-displacement piston pumps. . . 

of two new in-line designs were introduced at the show 
by two manufacturers: Vickers Inc, Detroit, Mich, and 
Weatherhead, Ft Wayne, Ind. Vickers’ pump has a 
swashplate to drive the pistons; Weatherhead’s has a 
wobbleplate. This is the first time either manufacturer 
has offered an in-line pump, although Vickers has made 
an angle-type pump for a long time. 


Air motor... 


with radially moving rectangular pistons (resembling vanes 
in a vane pump) was introduced in prototype form (photo) 


METALS AND 


Beryllium-copper alloy 

that is heat-treated at the mill, yet is easier forming than 
conventional alloys, has been developed by Brush 
Beryllium, Cleveland, Ohio. Brush reports that its alloy 
190, containing about 1.85% Be, has equivalent or better 
strength than former alloys, containing less Be, that have 
to be heat treated after forming to give full properties. 


New high-strength steel 

is a 25% nickel alloy developed by International Nickel 
Co and available from several steel companies as well as 
Inco. The steel has a tensile strength of 250,000 to 
285,000 psi, yield strength of 240,000 to 275,000 psi, 
elongation of 12 to 10% and reduction in area of 55 to 


45%. 


Faster anodizing process . . 

reported by Alcoa uses higher current densities, cuts treat- 
ing time from 1 hr to 20 min for standard finishes; per- 
formance is said to be unimpaired. Aluminum Extrusions 
Inc, Charlotte, Mich, indicates increasing interest in com- 
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by Humphrey Products, Kalamazoo, Mich. Rotor has cam- 
shape cross-section and is driven by the pistons; a series 
of air valves maintains proper sequence. Speed can be 
varied from zero to 5000 rpm by increasing air pressure 
and flow, and torque is high even at low speeds. A 3-hp 
motor will weigh about 17 Ib, and air consumption is 
claimed less than for conventional air motors. 


Rotary hydraulic-actuator . . . 

disclosed at show (not exhibited because it’s still in de- 
volpment) has an external helix on piston instead of the 
conventional internal helix. Made by Carter Controls, 
Lansing, Ill, the design promises greater torque, and can 


be made more easily (no internal helix to broach) to suit 
special requirements. Exploded sketch is artist's concep- 
tion, and shows main elements. —William B Wallace 


CERAMICS 


bination finishes such as: sanded finish with bright anodiz- 
ing, black paint with gold anodizing for antique effects, 
and paints that simulate etched aluminum to go with 
bright anodizing. 


Perforated metals . . . 

with hole diameters less than the metal thickness are now 
available from National-Standard Co, Niles, Mich. N-S 
uses a new German punching technique that perforates 
at an angle to the plane of the sheet, and leaves triangulat 
holes. Equivalent diameter of such holes in 26 ga 
(0.0187 in.) stainless can be as low as 0.002 in. Hein 
Lehman of Dusseldorf developed the “Conidure” method 


A cermet composed of tungsten carbide and tantalum 

will resist erosion of high-velocity, high-temperature gases 
Called a “carbon exchange alloy” by its developer, Ken 
nametal Inc, Latrobe, Pa, the material, when exposed to 
temperatures over 5000 F, 
tungsten carbide. ‘This carbon then forms tantalum 
carbide which provides added high-temperature resistance 


releases carbon from the 
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Aerojet-General is said to be checking the material under 
rocket conditions over 6000 F. Parts are formed by con- 
ventional powder-metal techniques. 


Sheet metal continuously clad with powdered silver . . . 
alloy may soon be available from Metals and Controls 
Div of Texas Instruments, Attleboro, Mass. Graphite or 
MoS. is added to the silver layer, according to M & C, 
to prevent “welding” when the strip is used as an elec- 
trical contact material. Most common base metals can 
be used as the underlayer and the clad strip can be 
punched and stamped, though bending and drawing limits 
have not yet been determined. 


Leaktight honeycomb core material . . . 

for sandwich panels can be produced in stainless or copper 
by a “diffusion welding” technique devised by Hexce! 
Products Inc, Berkeley, Calif. By applying pressur¢ 
through mandrels at the nodal point while the material is 
hot, continuous “single crystal” welds are produced that 
preclude burn-through. In addition to leak-tightness, 
method avoids buckled walls. Core strength in tension 
is 30% higher than other welded honeycomb, according 
to Hexcel. Stainless sheet as thin as 0.0005 in. can be 
made into honeycomb in this manner. The process has 
also been applied to PVC plastic, resulting in a resilient 
material for possible cushion applications. —Ford Park 


PLASTICS 


Filament-wound reinforced-plastic structures 

are more in evidence as major vulcanized-fiber manu- 
facturers enter the field for commercial markets. Newest 
entries: Spaulding Fibre, National Vulcanized Fibre and 
Taylor Fibre. Fuse-bodies for high-voltage power lines 
were made by strengthening vulcanized fibre tube with 
continuous wrapping of impregnated glass cloth. Now, 
much higher pressure ratings and lower costs are obtained 
with a filament-wound epoxy-glass wrapping. 

Wire can replace glass fibers as the filament. American 
Steel and Wire Div of US Steel reports that pressures up 
to 600,000 psi can be contained in air rocket fuel tank, 
ellipsoidal in shape, wound using 0.0025 in. dia wire. 


Woven reinforcement is a growing competitor . . . 

for wound reinforcement. Here, glass roving is woven 
over a mandrel and coated with resin, thus giving much 
higher interior shear strength via interlocking strands. 
Polygon Plastic Co, Walkerton, Ind, is developing the 
technique for pressure vessels, with closures woven in 
place and mandrel] melted out. Structural shapes can be 
made over any convex-section mandrel, with resulting 
tube cut into angles and channels as desired. Composite 
parts are made by weaving over a fiberglass (or metal) 
mandrel produced by drawing impregnated roving through 
a shaped hole. Max tube size 6 in. so far; wrapping the 
covered mandrel with Mylar tape allows thin walls and 
smooth surfaces. 

Tubes extruded from thermoplastics like PVC, nylon, 
and fluorocarbon resins can be reinforced in a similar 
process developed by US Stoneware Corp, Akron. Here, 
roving is continuously braided at the extrusion head and 
caught between an inner and outer tube. Technique 
permits a variety of pressure ratings (depending on braid 
configuration and tube dimensions), as well as combining 
two different plastics in the same tube. 


Printed circuits made continuously . 

may become a reality as a result of a new epoxy-glass 
laminating technique. Developed by Swedlow Inc, 
Youngstown, Ohio, the process continuously impregnates 
glass cloth with epoxy resin and laminates the resulting 
sheet between layers of polyester film. Resulting sand- 
wich is post-formable. Work is proceeding on this addi- 
tion of copper cladding on one or both sides. New laminate 
will be marketed by Spaulding Fibre, Tonawanda, NY. 
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Extra-hard castable urethane rubber. . . 

is made by Disogrin Industries, Mt Vernon, NY. ‘lhe 
new rubber has a durometer hardness of 65D, compared 
to 90-95A for present grades. ‘Tensile strength is +000 
psi, ultimate elongation 250%, elongation set 36%. 
Load for 5% tensile elongation is 2000 psi, compared to 
540 psi for 90A stock. Disogrin reports that new grade in 
bearing and thrust washer applications wears in to a 
coefficient of friction very near that of Teflon. Abrasion 
resistance is less than for 90A durometer material. 


Cold-heading replaces riveting . . . 

in this pump impeller made from DuPont's Delrin acetal 
resin. Impeller at left was molded in two halves, rivets 
inserted and deformed. Right-hand impeller has prongs 
molded in place on one half which extend through holes 
molded in the mating part. A load is applied, via a 


multiple-headed tool in a punch press, in excess of the 
compressive yield stress of Delrin (17,000 psi at 73 F) and 
the protruding prongs headed to shape. Punch press 
operates at about 20 in./min and assembles 200 impellers 
per hr. Jig is spring loaded to eliminate impact. New 
impeller is now standard in Flint & Walling Manufactur- 
ing Co’s submersible pump. 


Electrically conductive fluorocarbon resin 
is made by adding conductive, nonmetallic filler to its 
Fluorosint resin. Polymer Corp, Reading, Pa. has 
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developed a material with a resistivity that can be varied 
from 2.5 to 1 million ohm-cm. Mechanical properties, 
at any resistivity level, can be varied between those of 
the flexible Teflon and the hard, sintered fluorocarbon. 
Applications: brushes, non-sparking conductive bushings. 


Synthetic fiber cloth is molded to shape . . . 

at right, new portable loudspeaker has grille cloth thermo- 
formed to retain convex shape. For more intricate and 
sharper contours, as on speaker at left, matched die mold- 
ing is needed. All textile parts on products shown here, 
including liner for instrument case (center), are made 
from Dynel, acrylonitrile-vinyl chloride copolymer from 


Union Carbide Corp, NY. —Ford Park 


DESIGN IDEAS 


Fiber optics may be off-the-shelf . . . 
components according to American Optical Co, South- 
bridge, Mass. Fiber bundles are available in lab quantities 
for special applications. Both coherent bundles (in which 
fibers maintain same position in the array at both ends) 
and incoherent bundles (for use, chiefly as a flexible 
“light pipe’) are being produced. Many interesting 
applications are possible: With tapered fibers, an image 
can be magnified or reduced. And a small bundle of inco- 
herent fibers makes an excellent “cold” light source. 
Even a single fiber gives a pinpoint of light of unusual 
brilliance. 

Price is still high—about $75 for a 50-ft incoherent bun- 
dle of l-in. dia and about $1500 for a coherent bundle of 
the same size. 


Drafting board with simpler height and tilt adjust- 
ments . 

is the goal. Hamilton Mfg Co, Two Rivers, Wis, has 
redesigned its Auto-Shift drafting table in accordance with 
stop-motion photographic studies of draftsmen at work 
on all kinds of tables. The new table has a torsion-bar 
counterbalance adjustable to compensate for weight of 
drafting machine, lamp and other accessories. Hinge is 
a multiple-leaf unit acting as lock when leaves are com- 
pressed. Board is linoleum-covered honeycomb. Sliding 
reference surface pulls out from under drawing board 
into draftsman’s lap. It can also slide in the opposite 
direction to provide a reference surface for next man in 
drafting row. 


Tilt pedal does not move with height changes . 

on the new Stacor-Matic (by Stacor Equipment Co, 
Newark, NJ). New board gives draftsman more knee 
room and full 15 in. up and down adjustment. Drawers 
and pedestal have been restyled to give table a clean 
modern look. 


Manual impact wrench 

called a Swench (part sledge, part wrench) is manufactured 
by Marquette Div of Curtiss Wright. Like its powered 
counterpart, it applies controlled torsional impacts to 
loosen stubborn nuts or tighten them to a preselected 
tension. Looking like an oversize ratchet wrench, the 
Swench stores energy in a heavy coil spring in the handle 
and releases it to the business end when the handle is 
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pulled through an arc of 30°. It is available in six sizes 
with handle lengths from 9 in. to 60 in. Torque multi- 
plication for all sizes is on the order of 15 to 1, and 
magnitude of impact is adjustable except on smallest 
model. Prices vary from $40 for the 9-in. model to $795 
for the 60-in. 


Micrometer with digital readout . 

has a miniature drum counter in the back of the anvil. 
White on black figures read in thousandths and backlash 
in the counter gear train is undetectable. The “D. R. 
Micrometer” is available from Kromedge Distributing Co, 
Brooklyn, NY, comes in two sizes: 0 to 1 in., $35; 1 to 
2 in., $38. 


Stirling engine . . 

runs at about 100 rpm on heat from a sun lamp. It was 
built by engineers at Battelle Memorial Inst, Cleveland, 
Ohio, in a program aimed at proving out the Stirling’s 
practicality, simplicity, quietness and reliability. Major 


part of the study is being done on an analog computer 
so that engineers can vary 16 engine parameters to find 
optimum combination for any particular set of design 
conditions. (See this and other novel power sources 
described in detail in the June 26 issue of Propuct 
ENGINEERING.) —Charles J Lynch 


PRODUCT ENGINEERING + JUNE 12, 1961 





Solve Multi-Point 
Temperature Control 
Problems... 


at % cost of 
competitive systems 


Another 
example ot how 
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You get them all — wide ranging versatility . . . maximum 
sensitivity . . . easy installation and servicing! These features 
combine in a Fenwal 536-580 multi-point monitoring system 
to give you precise, transistorized temperature control and 
indication. And you choose the features you need to suit your 
own requirements! 


Examine these cost saving advantages: Indication and con- 
trol circuits are separate . .. the 536-580 system eliminates the 
need for separate indication and control at each point. You 
can build a control system concurrent with your needs 
start with 2 points and build up to 10 points without paying 
a premium at the outset. The complete control system is built 
from standard catalog parts, thereby eliminating the need to 
buy costly “specials” for servicing at a later date. 

Individual points can have either proportioning or ON/OFF 
control modes. The system permits “flick of switch’’ indica- 
tion of from 2 to 10 temperatures. Individual set points can be 
adjusted from a central control panel or through a separate 
potentiometer remotely located. You select your own number 
of points and you pay only for the options you use. 

Choose from five standard temperature ranges — from 
—50 to 600°F .. . expanded scales permit fine temperature 
adjustments and improved readability, and the entire system 
gives you sensitivity to within 0.1°F. 

Both instruments are smartly styled to perfectly comple- 
ment modern industrial machines and interiors. A Fenwal 
engineer will be glad to supply information on this system, or 
any other temperature control in Fenwal’s broad line. Write 
Fenwal Incorporated, 26 Pleasant Street, Ashland, Mass. 


CONTROLS TEMPERATURE... PRECISELY 
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TRENDS IN INDUSTRIAL DESIGN 





Better-organized Design Helps European Machines at Tool Show 


GERALD STAHL, industrial designer; NYC; JOHN KOLB, associate editor 


® Although a number of American machine-tool 
builders were exhibitors at the May 22-26 Tool 
Show in New York’s Coliseum, it was mainly some 
of the European exhibitors whose machines looked 
as though their engineers and designers had thought 
their designs through from start to finish. Notably, 
their control panels and the related elements were 
sensibly arranged, and had the most readable com- 
bination of numerical, graphic, symbolic and other 
means of identifying knobs, levers, dials and but- 
tons. Curiously enough, virtually all the manufac- 
turers exhibiting—European and US alike—seem to 
be missing opportunities to use color for quick identi- 
fication of controls and their functions. 

Over-all, only a handful of the machines exhibited 
reflect the highly complex nature of the modern 
production machine. Most of them look like the 
fifth or sixth-generation models of original designs 
dating back to the early thirties. . 


Automatic spark-erosion machine designed and built in Switzerland 
by Ateliers des Charmilles S A has a well-organized control panel that 
uses standard European control symbols representing direction, surface 
finish, speed, machine systems for operators who speak different lan- 
guages. Color would have further strengthened relationship of knobs 
and levers to their control functions. Control panel also serves as cover 
of tilt-down chassis containing modular plug-in circuitry. 


Surface grinder (right) by Harig Mfg Corp, Chicago, shows how 
good US design can be when it is well-planned and carried out. All 
major machine elements have been kept as minimum and simple as 
their function would permit—no metal has been wasted on meaningless 
streamlining” ridges and curlicues. One model was equipped with 
closed-construction hand wheels that look as though they probably 
provide less chance for things to get caught on. 
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A Contour projector for parts inspection exhibits a compactness distinguished by func- 
tional placement of clearly identified controls—placed well inboard of instrument 
perimeter together with all moving elements. Unlike much highly technological equip- 
ment, this projector, made by Optical Gaging Products Inc, Rochester, N Y, doesn’t look 
forbidding; it looks easy to use. Unusual base gives full front-to-back support and 
stability in minimum floor space. 





Where two-di i I ements are required, coordinate-measuring machine 
replaces slow and tedious surface-plate and height-gage inspection procedures. Control 
head, being inspected by author Gerald Stahl, consists of many complex components, 
but here it has been integrated into a single, rectangular cube, strongly projected from 
console panel. Rational organization of readouts, controls, and housing itself into a simpli 
fied whole, helps emphasize advanced technology behind the development and design 
of this instrument. If it looked anything other than up-to-date and functional, it would 
probably not appear to be up to its own technology. English-designed and built by Ferranti. 


Vibration signal analyzer and operation monitor are based on a modular design con- 
cept that permits user to interchange plug-in circuitry components according to the 
particular machine-analysis task to which it is to be applied. Control and display panel 
is organized vertically according to the type of measurement. Industrial design done by 
Raydata Corp’s engineer-president George Foster and the engineering staff, as part of 
the over-all engineering function. 


Jig boring and milling machine (above) by Societe Genevoise d’Instru- 
ments de Physique of Switzerland, and production boring and milling 
machine (right) by Schwartzkopf Gmbh of West Germany, illustrate 
two different ways to handle problems of designing extra-large, highly 
automatic machinery having several massive elements and a large num- 
ber of controls. The Swiss machine separates control and adjusting 
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knobs, levers, dials and readouts into a number of groups, located 
to function or machine element. The German machine groups all con- 
trols into a single area, using color (the only complete job at the show 
to distinguish between the groups functionally. Both machines use 
clean-lined housings of minimum bulk to minimize size and achieve 
over-all integrated look. 
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TRI-SNAP 
THERMOSTAT 


A PRODUCT OF 
WESTINGHOUSE ELECTRIC CORPORATION 
MANSFIELD, OHIO 





You can be sure... if it’s Westinghouse. Typical of the many great 
products described by this famous slogan are the safe, clean, efficient 
Westinghouse Electric Water Heaters. Westinghouse Water Heaters 
more than match the demands in today’s homes for a constant 
supply of hot water. The secret of their maximum operating effi- 
ciency is the Direct Immersion Element—a unique heating element 
installed inside the tank. Completely immersed in the water, it 
heats silently and safely . . . no heat is lost. 


A most important contribution to the efficient and economical 
' Operation of these fine water heaters is the Tri-Snap Thermostat, 
the automatic temperature control which accurately controls the 
heating element to keep the water at its pre-set temperature (from 
120°F to 170°F). 


The Tri-Snap Thermostat is actuated by a three-legged element of 
inherently snap-acting Chace Thermostatic Bimetal. Chace has long 
been recognized for the extreme dependability of its one product: 
precision Thermostatic Bimetal. In the field of Bimetal for snap- 
acting elements Chace is the unchallenged leader. The Chace Ther- 
mostatic Bimetal in this application can be expected to perform for 
years—exactly as specified through thousands of cycles to help 
prove that “You can be sure. .. if it’s Westinghouse”. Manufacturers 
the world over know their names are safe on the outside with Chace 
Thermostatic Bimetals on the inside of their products. 


Sead Wow For Our Yew” 9. Booklet’ / 


It contains many well illustrated pages of valuable design data and 
examples of successful applications of bimetal! More than 40 types 
of Chace Thermostatic Bimetal are available in coils, strips and 
completely fabricated elements of your design. 


W.M. CHACE Co. 
Thewmostalic Bimetal 


1602 BEARD AVE., DETROIT 9, MICH. 
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READER TO EDITOR 


Ancestor of New Bicycle Gear 


To the Editor: 

About 45 years ago I had a bicycle with 
a Corbin two-speed rear hub which, as far 
as I can remember, was almost identical 
to the one that received one of your Master 
Design Awards (May 22 issue, p 39). It 
shifted each time I stopped pedaling, 
alternating from high to low and back on 
successive coasting. At that time I lived 
on the outskirts of a small Michigan town 
a mile from school. There were: two long 
hills which could be ridden up quite easily 
with the low gear. I rode the bicycle until 
I went away to college in 1923. 

A year or so after I got the bicycle my 
curiosity made me take the transmission 
apart. I took it apart several times for 
oiling and cleaning and to show friends 
how it worked. I never had any trouble 
with it and considered it a well-constructed 
device. —G H Worrinc 

Morrison, II] 


More Cracks About Glass 


To the Editor: 

I have personally observed six tempered- 
glass failures, one in my own car. In each 
case the whole glass fractured into particles 
roughly 4 x % in. rectangular and very 
uniform; there were some rough edges but 
generally they were smooth 

Here is another argument for sandwich 
glass. Once while doing 60 mph, a half 
brick was thrown from the double wheels 
of an oncoming truck. The projectile’s 
speed must have been about 110 mph, so 
it must have hit my windshield at about 
170 mph. Both panes shattered directly 
in front of my face. I had time only to 
blink. Tempered glass would have allowed 
it to come through—or would it? 

—A J Tricon 
Houston, Texas 


Watch That Trademark! 


To the Editor: 

In your Mar 27 issue, p 12, we note an 
irticle entitled “City Mail Delivery to Be 
More Mobile.” You mention that the 
Post Office Department has ordered 300 
electric three-wheel ‘‘Mailsters.”” We wish 
to call to your attention that the word 
‘““Mailster’” is a registered trademark held 
hv Cushman Motor Works Inc, a sub- 
sidiary of Outboard Marine Corporation 

—R D Von SEGGERN 

Assistant chief engineer, Vehicles 
Cushman Motors 

Lincoln, Neb 


Supports Change To Metric System 


To the Editor: 

I am certain you will want to call to the 
attention of your readers the desirability 
in their support of bill HR269, which 
was introduced by Congressman James 
>oosevelt in the House of Representatives. 
This bill authorizes a study into the 
practicability and desirability of the United 
States adopting the metric system of 
weights and measures. 
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\s you know, a large majority of all 
scientists and engineers have been in sup 
port of adopting the metric system of 
weights and measures for many years 

—R M Ment 

McClintock Manufacturing Co 

Whittier, Calif 

e Another straw in the wind was date- 
lined Washington on April 8: “The Army 
plans to change from the yard to the 
meter in making linear measurements for 
its weapons and related equipment to 
direct and coordinate fire . . . by Jan 1, 
1966.” The move is designed “to simplify 
firing procedures” and to further stand 
ardization within NATO. An exception 
will be made for equipment in the Con 
tinental Air Defense System. —EJT 


It's Not a JATO 


To the Editor: 

Your fine article on the progress of 
Project Mercury in the May 1 issue, p 
15, was of great interest to GCR personnel 
since we have had a subcontract from 
McDonnell to develop and build the 
escape rocket for the space capsule. 

We noticed, however, that the escape 
rocket was described as “a system of 
JATO bottles.” The GCR escape rocket 
is a single solid propellant rocket having 
three canted nozzles. The unusual place 
ment of the nozzles sometimes makes it 
appear that there is more than one motor. 

—Janet E McKm 

Public relations representative 
Grand Central Rocket Co 
Redlands, Calif 


COMING EVENTS 


JUNE 


11-15... . American Society of Me- 
chanical Engineers, Summer Annual Meet- 
ing, Statler Hilton Hotel, Los Angeles 


American Institute of Elec 
trical Engineers, Spring General Meeting, 
Cornell Univ, Ithaca, NY 


25-30 . . . . American Society for Test 
ing Materials, 64th Annual Meeting Chala- 
fonte-Haddon Hall, Atlantic City, NJ 


American Institute of Elec- 
trical Engineers Conference on Concepts 
and Design in Aerospace Electricity, Ben- 
jamin Franklin Hotel, Philadelphia 


26-28 .. . . American Society of Heat- 
ing, Refrigerating and Air Conditioning 
Engineers, Annual Meeting, Denver-Hilton 
Hotel, Denver 


28-30 . ... Institute of Radio Engi- 
neers, ASME, AIEE, ISA, AIChE, 2nd 
Joint Automatic Control Conference, Uni 
versity of Colorado, Boulder 


For a listing of addresses of societies and 
associations send 25¢ to Product Engi- 
neering Reader Service Dept, 330 W 42nd 
St, NY 36. Ask for brochure R 32. 
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BORG-WARNER 





Reduce valuable 
design time .... 


~~ 


EMCOR STANDARD 


CABINETS 


Cut enclosure design time. Select your packag- 
ing needs from a complete line of standard and 
heavy duty EMCOR Cabinets. 

EMCOR MODULAR ENCLOSURE SYSTEM Cab- 
inetry provides for thousands of control center 
combinations. 

Choose from hundreds of EMCOR Cabinet 
widths, depths and heights offering an exclusive 
combination of engineered features. 

Engineered simplicity of basic frames and com- 
ponents affords quickest and easiest erection of 
control center assembly. 

EMCOR Cabinetry Engineers backed by the re- 
search and development ‘‘know-how'’ of the 
Roy C. Ingersoll Research Center set the pace 
for the packaging needs of electronics, instru- 
mentation and electro-mechanical engineers from 
coast to coast. 

Rugged frame construction surpasses all stand- 
ard requirements for increased load carrying 
capacities. 

Compatible cabinet design assures simplified 
and economical expansion at any time. 

EMCOR Cabinet manufacturing meets rigid qual- 
ity-controlled craftsmanship standards. 
Nationwide organization of EMCOR Sales- 
Engineering Representatives assist in planning 
stages and assure customer satisfaction be- 
yond the sale. 


Condensed Version of Catalog 106 Available Upon Request. 


Originators of the Modular Enclosure System 


INGERSOLL PRODUCTS 


Division of Borg-Warner Corporation 
1000 W. 120th ST. © DEPT. 1240 © CHICAGO 43, ILLINOIS 
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Send ESNA 


YOUR ROLLPIN NEW- 








WHERE CAN YOU USE 
THIS SIMPLE FASTENER? 


— 


ROLLPIN is the slotted tubular 
spring pin with chamfered ends 
that is cutting production and 
maintenance costs in every class 
of industry. Drives easily into stand- 
ard holes, compressing as driven. 
Spring action locks it in place—re- 
gardiess of impact loading, stress 
reversals or severe vibration. 
ROLLPIN is readily removable and 
can be re-used in the same hole. 
Made in carbon steel, corrosion re- 
sistant steel and beryllium copper. 











REPLACING A 
GROOVED PIN... 
here Rollpin serves as 
a stop pin. Its light 
weight and shear 
strength function per- 
fectly .. . cuts assem- 
bly costs. 


Valuable prizes for 


ROLLPINS seem to find new cost-saving uses almost 
daily. The 9 examples pictured below—where 
ROLLPINS are shown replacing 9 types of fasten- 
ers--only begin to indicate ROLLPIN’s wide areas 
of usefulness. We know of dozens of variations of the 
nine uses shown. You must certainly know some, too. 


So tell us yours—it could be a winner! 


PS. \f you aren’t now using ROLLPINS these 9 examples may give 
you some useful ideas. So why not write for a generous sample 
assortment of ROLLPINS and complete information. Dept. R61-697. 


REPLACING A SET 
SCREW ...a_ short 
length Rollpin is self- 
retained in the handle 
of an automobile 
brake. Is readily driven 
into over-drilled hole 
in shaft for easy 
removal. 


REPLACING A 
HEADED PIN... in 
this hinge pin applica- 
tion, constant spring 
tension holds Rollipin 
firmly in place . 

eliminates loosening 
of hinge due to wear. 





REPLACING A RIVET 
SHAFT ... Rollpin 
serves as an axle for 
the sparkwheel of a 
cigarette lighter. No 
riveting or threading 
necessary. Faster 
assembly. 


REPLACING A CLEVIS 
PIN... here Rollpin 
holds firmly in clevis, 
permits free action of 
moving member. 


REPLACING A HUB 
ON A GEAR... Rollpin, 
self-retained in shaft, 
is simply snapped in- 
to molded slot to 
position sintered 
gear. Rollpin’s shear 
strength is particularly 
valuable here. 








REPLACING A COTTER 
PIN ... Rollpin§ as- 
sembly time is shorter, 
service life ten times 
longer. Vibration-proof 
flush fit. Easily re- 
movable. 











REPLACING TAPER 
PINS . . . Rollpin elim- 
inates cost of taper 
pin reamers and the 
entire reaming opera- 
tion. Rollipin costs less 
than a taper pin and 
installation is cheaper. 








REPLACING A BOLT 
AND NUT... Rolipins 
act as fasteners and 
pivots . . . may also 
be used with a free 
fit in outer or inner 
members depending 
upon product design 
requirements. 
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APPLICATION IDEA 


2 
th e W WnNeETS | Because design and production engineers are 


constantly on the lookout for new solutions 
to problems—and are constantly finding 
them—we’ve decided to go to you as the best 
source of new ROLLPIN application ideas. 
You may have hit on a ROLLPIN applica- 
tion that has been extremely helpful to you 
—one that might spark ideas for others, too. 
So why not tell us about it and maybe win 
an extremely useful prize to boot? 
Just do this. On the attached official entry 
form rough out a little sketch of your appli- 
— Ui cation on the graph section provided. Along- 
Portable , side it, write a brief description of the ap- 
plication and its advantages for you. Try to 


transistor radios keep it to 25 words or so—to make matters a 


i ! little easier for our judges. Judges will be 
for the 25 best new ideas! our own ROLLPIN design staff. They will 


Win one of these Sylvania portable transistor sets select the 25 entries that they feel open up 
complete with deluxe carrying case. the widest areas for new ROLLPIN applica- 
Your ROLLPIN application could be a winner! tions, or that are most ingenious and novel. 





Official Entry Form 


Use this form to make a sketch of your ROLLPIN application 
idea and for a brief 25 or 30 word description. If you wish 
you may attach a print, but it is necessary to complete this 
form to enter. Entries cannot be returned, and the judges’ de- 
cisions will be final. Entries must be postmarked no later 
than July 15th, 1961 to be eligible. Winners will be notified 





Name__ 
Company 
Title__ 


Address __ 


f ESNA and may be ed at any time by ESNA witt 


ELASTIC STOP NUT CORPORATION OF AMERICA aantty 


P.O. Box 1516, Union, New Jersey. 


1 
i 
: 
i 
i 
i 
i 
I 
i 
i 
| 
! 
i 
i 
I 
I 
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c. B. KAUPP & SONS 


Newark Way, Maplewood, N. J.—POplar 1-4000 


PRECISIOW-FORMED 
METAL 








~ Hydroforming, Deep Drawing 
and Spinning 


You can depend on KAUPP for com- 
plete service from design to delivery 
on precision-made metal parts and 
sub-assemblies Ultra modern metal 
working facilities, plus wide experi- 
ence on military and commercial re- 
quirements are available to solve 
your problems. Send drawings for 
quotations or phone for new illustra- 
ted bulletins! 








Closest tolerances adhered to in all 
metals, including MU METAL, BRASS, 
INCONEL, ALUMINUM, COPPER, 
CARBON STEEL, STAINLESS STEEL, 


NICKEL, MAGNESIUM, TITANIUM, 


SILVER, SPECIAL ALLOYS, HAYNES 
STELLITE. 


METAL CRAFTSMEN 
SINCE 1924 


. . Some commercial application for these two laboratory curiosities. 


1. The electret, a device that bears the same relation to electric fields as 
magnets do to magnetic fields. It is simple, consisting primarily of a composi- 
tion of waxes which are melted and then allowed to cool in an electric field 
of several thousand volts. This polarizes the wax and leaves a residuai charge 
of 200 volts or more, which the wax will retain indefinitely. A typical electret 
contains waxes mixed in these proportions: 45% carnauba wax, 45% water- 
white rosin and 10% beeswax. 

Because of a mechanism that is not yet understood, the electret must be 
allowed to age for several months after being charged. When first charged, the 
polarity is just what theory predicts: the negative face is the one that was in 
contact with the positive electrode during cooling, and vice versa. But this 
charge begins to diminish, and in about one week will have fallen to zero. It 
then begins to build up in the opposite direction and eventually reaches a value 
several times its original charge. The aging process may take as long as three 
months. 

Though the phenomenon has been known for several hundred years, and 
despite the electret’s simplicity and low cost, it has yet to find steady employ- 
ment in any electrical or electronic apparatus. It has been incorporated in 
electrostatic generators and was used for a time for electrostatic focusing of 
television picture tubes. It has also been tried in microphones in which relative 
motion between the electret and a metal disk generated an electronic signal. 
But mostly it has been ignored and still waits for an ingenious engineer to 
develop its full commercial potential. 


2. Dielectrophoresis, the phenomena that moves neutrally charged particles 
in nonuniform electric fields. Dielectrophoretic forces are weak compared to 
those that the same field produces on charged particle (electrophoretic forces), 
but are sufficient to pump water against a 4-foot head at the rate of a gallon 
a minute with an efficiency of about 25%. The dielectrophoretic effect works 
this way: In an electric field, a neutrally charged particle (a molecule of water, 
for example) becomes polarized so that the side facing the positive electrode 
develops a negative charge and vice versa. In a uniform field, the charges cancel 
and there is no net force on the particle. But in a nonuniform field, such as 
that between a wire and a surrounding tube or between a wire point and a 
circular plate, the particles are drawn to the area of highest field intensity. 
(Changing the polarization of the field does not change the direction of the 
force on the particle. For this reason, an ac field works as well as a dc field.) 

The dielectrophoretic force depends on the strength of the field, the size and 
dielectric constant of the particle, and the electrical conductivity of the surround- 
ing media. In extremely strong fields, particles drawn to the electrode become 
charged and are then expelled violently by electrophoretic action. This effect 
can be used to stir or pump liquids. 

In the laboratory, the dielectrophoretic effect has been used to separate 


| powders of different dielectric constant. In the same way, it can also precipitate 


particles suspended in a liquid. Small pumps that operate on the combined 
dielectrophoretic-electrophoretic effect have been built in laboratories to throw 


| water around in a truly spectacular fashion. But the commercial possibilities 


of this laboratory curiosity remain essentially untapped. 


Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 


paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 


— have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted. 


| 


rt 
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if she takes pride 
in her home— 


give her a kitchen 
of stainless steel 


McCLOUTH 
STAINLESS 
ST E EL.—the spotless 


metal for homes and 
home products. 


McLouth Steel Corporation 
Detroit 17, Michigan 
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Bodine Motors Give You ADE (After Delivery Economies) 
Here’s another example 


“BODINE MOTORS aasily meet 


our high standards for quality 
says Mr. Joseph Konkel “= 


Chief Mechanical Engineer 
Anelex Corporation 
Boston, Massachusetts 


‘The reputation and reliability of our Anelex 


Print Station is due entirely to our insistence upon 


quality a specification easily met by Bodine, 

and a requirement we'll not sacrifice at any cost 
We've always used Bodine Motors. Their efh 

ciency, among other characteristics, is outstanding - 

And Bodine’s wide range of standard motors lets 


us select the proper motor for a particular operation 


without need for costly special modifications “ 


¢ 
1 


Workhorse of the electronic data processing industry isthe and scientific computers. In this Anelex model, two 
Anelex high speed Print Station which translates com small Bodine capacitor motors drive paper feed and 
puter language into usable form. It has set the industry print roll mechanisms, a type KCI gearmotor operates 
standard for reliability and has been designed into the the ribbon drive 


systems of nineteen major manufacturers of commercial 


FR cS |) | N E. Bodine motors actually cost less when you figure final-costs be- 
cause: (1) Closely-held tolerances and uniformity of Bodine motors 

minimize installation cost. (2) Reject rates are low. (3) Bodine 

motors almost never require field servicing. (4) High, consistent 


fractional <9, horsepower performance of Bodine motors helps your product earn customer 
satisfaction and repeat sales. Want more details? ... askfor 


M c TO ioe aa Bulletin S-2A. 


: 25 | , Chi o 18, Illinois 
the power behind the leading products paeian Teaite Co. S6an Geek Grating Pace, alee 
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Gasket engineering 


BOLT LENGTH 
TORQUE RETENTION 


Bolt length and bolt torque are important factors in maintaining 
flange loads on gasketed joints. New engineering studies show the 
extent of these effects to be greater than anticipated. 


Retention of bolt torque on gasketed 
joints is a function of several factors. 
Two important ones concern the bolt 
itself: its length and the amount of 
torque initially applied to it when the 
joint is tightened. 

Recent tests were conducted at the 
Armstrong Research and Development 
Center to study (1) the relation of 
bolt length to torque retention; and 
(2) how torque retention is affected 
by variations in the amount of torque 
originally applied to the bolts. 

In these tests, separate steel flanges 
were prepared to accommodate three 
different bolt lengths—%”, 1” 
1%”. (See Figure 1 for definition of 
bolt length. ) 


and 








‘Figure 1. Here bolt length is defined 
as the distance from the underside of 
the bolt head to the face of the oppos- 
ing flange—including the washer and 
the compressed gasket thickness. 











The flanges were gasketed with an 
Armstrong beater-saturated asbestos 
material—Accopac AN-890—in 
gauge. (Previous tests had indicated 
that this material possessed excellent 
torque retention characteristics.) The 


14.” 
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E. M. SMOLEY 
Research Physicist 
Armstrong Research and Development Center 


only variables in the tests were bolt 
length and initial torque values. 
After the bolts were torqued to 
specific loads at room temperature, 
the flanges were placed in an oven at 
300° F. for a period of 18 hours. Then 
they the 
flanges were still hot, bolt torque was 


were removed, and while 


re-measured. The percentage of re- 


short bolts . . . and the difference is 
greater as initial torque is increased. 
what 


These results are, of course, 


was anticipated in quality. In quan- 
tity, however, the difference in torque 
retention resulting from variations in 
bolt length and initial torque values 
was significantly larger than had been 


expected. 





BOLT TORQUE RETAINED 








BOLT 


Figure 2. Curves show % of initial torque retained after 
18 hours at 300° F. Initial torque is indicated at the beginning 
of each curve. 5/16-24 NF hard steel bolts were used 


LENGTH 








tained torque was calculated and 


charted as shown in Figure 2. 
The 
initial torque loads lose proportion- 


chart shows clearly that low 


ately more torque than higher loads. 
At 10 ft-lbs of initial torque, for ex- 
ample, the average torque loss for the 
three bolt sizes was 37%. But at 25 
ft-lbs of initial torque, the average loss 
was only about 8%. 

The tests also indicate that longer 
bolts retain torque much better than 


Research on gasket performance is 
a continuing project at the Armstrong 
Research and Development Center. 
Our large library of data may already 
contain the answer to specific prob- 
lems you may have on gasket design, 
performance, or selection. We will be 
glad to make suggestions if you will 
submit details to us. Address inquiries 
Indus 
trial Division, 6506 Irvin Street, Lan- 


caster, Pennsylvania. 


» Armstrong Cork Company, 


(Aymstrong GASKET MATERIALS 
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Warner 
electric brakes 
and clutches 


with stepless 
torque modulation 


may be the answer 


to your 
drive problems 


By simply varying the voltage to a Warner 
electric brake, clutch, or clutch-brake —you 
can have full-range stepless control flexi- 
bility. Just by turning a potentiometer dial 
on the Warner control, torque may be 
varied over a wide range during the first 
few seconds of engagement. Some compa- 
nies offer adjustable torque as an extra 
feature for tailoring power characteristics 
to job requirements. Others have found it 
to be the solution to difficult control prob- 
lems, such as synchronized engagement and 
disengagement of interrelated power drives. 


Warner electric brakes and clutches are 
used for fast starting . . . synchronizing. . . 
automatic coupling . . . high-speed cycling 
... indexing... jogging . . . interlocking. . . 
and for scores of other power drive control 
applications. Write today—find out how 
they can solve your problems! 


Primary clutches, clutch-brakes, brakes to 100 hp. 


ELECTRIC 


ail 


[wane 
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Warner Motor Brake Warner Control Panel 


example: 


Two different braking torques from the same electric 
motor brake. When hoisting concrete blocks, not much 
braking torque is needed—yet when lowering pallets, 
a full braking action is necessary. Warner motor brake 
on this elevator drive may be actuated through either 
of two potentiometers. One is set at low voltage and 
the other at high voltage. Thus, two different braking 
torques are obtained by actuating the brake through 
relays, controlled by the up or down cycle of the 


elevator. Standard controls are used throughout. 





WARNE F ELEC FR!IC 


Warner Electric Brake & Clutch Co., Beloit, Wisconsin 


Stocked by Distributors in Principal Cities Throughout the World 
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CHROMALOX ELECTRIC STRIP HEATERS 


Versatile, dependable, uniform heat 
for your product or processing needs 





oa 
SS. 4%, 
aA\Y Soa t Pay 


ES 


x Strip Heaters, sheathed in 
me steel and Monel, come in Lonel tissmmel lah aele- halal 4 
s for every need. 4” to F vacuum furnace at te 
to 2 widths. Also 95 equipped wit 
1 full rings and segments eaters and SR segment | 








Compact, metal-sheathed Chromalox Strip Heaters assure accurate tem- GET THE FACTS 

peratures, dependable around-the-clock service anywhere heat is needed Write for Industrial Proc- 

for product or process. It is by far the most versatile built-in heat source test 0 sce nel pe 

available today. Easy to install—Chromalox Strip Heaters produce uni- F-975D, Seanad Catalog 

form and accurate temperatures with automatic or manual controls. G-62. 
Low initial cost, low installation costs and low operating costs are 

among the many other advantages of using Chromalox Strip Heaters 

for heating tanks, platens, ovens, molds, moving parts, and similar uses. 

Over 500 standard sizes, shapes, ratings and terminal arrangements 


available immediately from stock. Get the full details now. EDWIN L. WIEGAND COMPANY 
7535 THOMAS BLVD., PITTSBURGH 8, PA. 


wi-to = a 


Pauw CHROMALOX 


SBLECTRIC HEAT 


PROCESS COMFORT 
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“Spring Action” gives you a leakproof seal 
with J-M SPIROTALLIC’ GASKETS 


Johns-Manville makes a specialty of 
building a lively “spring action” into 
Spirotallic Gaskets. Because of their 
superior resiliency, Spirotallic Gas- 
kets can compensate for varying 
stresses and temperature changes 


Examples of wide range of styles available 
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... follow minor flange separation... 
and absorb vibration. Even under 
these difficult circumstances, they 
keep a tight, durable seal. 

This quick adaptability has given 
Spirotallic Gaskets a tremendous 
popularity in the field. Their springi- 
ness is due to the special methods 
and control J-M uses in their manu- 
facture. Spring-like metal strips, 
formed into a special vee shape, are 
alternately spiral-wound with an as- 
bestos filler. The filler does the seal- 
ing ... and the vee shape provides 
the “spring.” 

Another reason for the wide- 
spread acceptance of Spirotallic Gas- 
kets is the fact that when the gasket 


has been compressed the proper 
amount, it reaches optimum per- 
formance for the bolting. Many dif- 
ferent metals and fillers can be used. 
Each metal is color-coded to aid 
maintenance personnel in quick 
identification of the type of metal 
used. 

J-M produces a wide variety of 
sizes and shapes for standard 
flanges. And for special flanges, J-M 
will design and produce a gasket 
with the precise characteristics you 
require. For complete information, 
ask for J-M catalog PK-35A. Write 
to Johns-Manville, Box 14, New 
York 16, N. Y. In Canada: Port 
Credit, Ontario. 


20% 


J OHNS-MANVILLE JM 
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You can get high reductions 
with Gleason HRH gear sets 


This thirty-one-inch gear and its pinion 
have a 150 to 5 ratio. Yet they are 
hypoids — what we call HRH or high 
reduction hypoids. 

These compact, flexible sets can be 
built to ratios as high as 360 to 1 with- 
out losing the traditional advantages of 
Gleason design proportions 

They permit you to design to tight 
space limits, particularly on big jobs. 

They have a typically fine Gleason 
surface finish, impossible to get with 
hobbing or other methods. The pinion 
teeth wrap around the pinion, so you 


get continuous tooth action even with 
a one-tooth pinion. The resulting mo- 
tion is always smooth and continuous. 

You use regular Gleason machines 
to manufacture these gears. . . in small 
quantities and large. 

And with all that you get the usual 
complete technical assistance from our 
engineering staff all the way 
through the design stages on to proto- 
types and full production. 

Find out what HRH gears can do for 
your transmissions by contacting us 
directly. 


we tf rf 0/4 / ‘ 


The cylindrical shape of the pinion lends itself 
readily to straddle mountings. The high offset 
design also increases the diameter of the pinion, 
lending extra strength to the entire assembly 


*Trademark for Gleason High Reduction Hypoids 


GLEASON WORKS 





1000 UNIVERSITY AVE., ROCHESTER 3, N. Y. 
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One in a series of technical reports by Bower 
° 
Vv 


BEARING QO] BRIEFINGS 


tal 


ee 2 





ROLLER GUIDANCE- 
VITAL FACTOR IN BEARING LIFE 


Roller guidance has been estab- 
lished by the Anti-Friction Bearing 
Manufacturers Association as a 
major rating factor for roller bear- 
ings. There is a direct relationship 
between this factor and the life and 
capacity of a cylindrical roller bear- 
ing under load. 


Figure | illustrates the results of a loose 
fit between a roller and the guiding ribs 
of the raceway. Because of lack of 
guidance by the ribs, the roller is free 
to skew and skid under load. Such a 
condition invariably leads to early 
bearing failure. 


To achieve close roller fit and proper 
roller guidance, Bower precision grinds 
each bearing race on specially designed 
centerless grinders. In this operation, 
Bower positions the integral raceway 
ribs from the theoretical centerline of 
the bearing. This method produces 
bearings with high dimensional accu- 
racy and perfect symmetry. 





RACEWAY 

















vee INTEGRAL 


RIBS 


FIG. 1 











Fig. 1. Loose fit in raceway means poor roller 
guidance. Roller can skew and skid under load. 
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In addition, the close tolerances held in 
grinding the roller track and integral 
guiding ribs give Bower cylindrical 
roller bearings the ability to take thrust 
ia any direction. A Bower cylindrical 
roller bearing has thrust capacity of 


CATION REGARDLESS OF HOW 
THE OUTER RACE AND ROLLER 
ASSEMBLY ARE INSTALLED. IT 
COMPLETELY ELIMINATES THE 
POSSIBILITY OF IMPROPER 
INSTALLATION. 
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END VIEW 











from 10-15% of its rated radial 
capacity! 

Figures 2 and 3 diagram the centerless 
grinding method used to finish Bower 
raceways. Use of this technique assures 
not only optimum roller guidance and 
maximum bearing life, but also virtu- 
ally eliminates bearing runout. BEAR- 
ING SYMMETRY WHICH RE- 
SULTS FROM THIS TECHNIQUE 
PERMITS ACCURATE SHAFT LO- 


_ a 


Whatever your bearing needs, we sug- 
gest you consider the advantages of 
Bower bearings. Where product design 
calls for tapered or cylindrical roller 
bearings or journal roller assemblies, 
Bower can provide them in a full range 
of types and sizes. Bower engineers are 
always available, should you desire 
assistance or advice on bearing appli- 
cations. 





BOWER ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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OPENING NEW HORIZONS 


../n economical power application » : 











Flick-Reedy...Winner of ‘‘Plant of the Year’’ Award and “Silver Anvil'’ Public Relations Award 


Miller Hydraulic Cylinders make impossible applications 

look easy. With Teflon Seals, Case-Hardened Rods (50-54 

Rockwell C), Patented ‘“‘Shef’”” Tubing End Seals, and other 

Fame exclusive standard features, these cylinders are practically 

—— damage-proof, are ultra-dependable under pressure and tem- 

MORE SAVINGS! perature extremes, and provide leakproof sealing with ALL 

Our ultra-modern, new “Plant of the Year” with its hydraulic fluids. Built to exceed J. I. C. Specifications, these 

special facilities and operating economies enable us cylinders are achieving new highs in production and operating 

to offer an extra 10% price savings on our big economies in thousands of plants. Two great lines: Power- 

“stock” selection of: Packed Model H for 3000-5000 psi and Job-Rated Model J 

Model “H” (Hyd.) Cylinders, 142” through 8” bores; for 500-2500 psi. All bores, strokes and mounting styles. Big 

Model “J” (Hyd.) Cylinders, 142” through 14” bores; “Stock” selection for immediate shipment at substantial 
Model “A” (Air) Cylinders, 142” through 14” bores. savings. 

Strokes up to 36”, cushioned and non-cushioned. 


Full Details On Request 





Wi ite for literature. 


MILLER FLUID POWER 


if . q ee ee ? | 7NO18 York Road, Bensenville, Illinois 
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7' BOAT (SPORTYAK*, Dayton Bait and Marine Products 
Co., Dayton, Ohio)—This boat of MARLEX is tough, rigid, 
unsinkable, lightweight . . . never needs painting. 

(*A trademark of Woodail Industries, Inc., Detroit 34.) 


ROPE (Plymouth Cordage, Plymouth, Mass.)—Available 
in many sizes and colors, rope made of MARLEX is 
stronger and lighter than manila . . . it floats, does not 
absorb water or freeze . . . resists most chemicals. 

> 


OVER 93 PERCENT ORGANIC 
b aces NATURALLY ACD. ‘ 
© MOIST .wo Susr,.neamy TOUS 


NURSERY PRODUCTS BAG (Crystal-X Corp., Lenni 
Mills, Pa.)—For private-branding your bulk supplies. 
Bags made of MARLEX are lighter, tougher, moisture- 
proof and less apt to tear or burst. Easy heat sealing. 


For more information, see your plastic fabricator, or contact us. 


PHILLIPS CHEMICAL COMPANY 


LAWN MOWER (Jacobsen Mfg. Co., Racine, Wis.)— 
Grass chute, engine cowling, and wheel hubs of MARLEX 
are light, tough, and corrosion-free . .. add performance 
and sales appeal to this popular line of lawn mowers. 


POST LANTERN (Western Circle Co., Hazelwood, Mo.)— 
This “Cape Codder” has established sales appeal. Be- 
cause of MARLEX . . . it’s unaffected by weather, can’t 
rust, keeps color and lustre without painting. 


MARLEX” improves product 
performance...increases sales appeal 


Shown here are examples of the increasing number of hardware, 
lawn and garden equipment, sporting goods, and housewares being 
“‘quality upgraded” by the use of MARLEX high density polyethyl- 
enes and ethylene copolymers. Boats that will never rot . . . rope 
and bulk bags that are lighter, stronger and moisture-proof.. . 
outdoor items that cannot corrode—all made of tough, durable, 
virtually indestructible, economical MARLEX. 

MARLEX high quality plastics are lightweight, tough, rigid or 
flexible . . . resistant to acids, alkalies, greases, fungi, and corrosion 
... and possess a wide usable temperature range (—180°F to 250°F ). 
*MARLEX is a trademark for Phillips family of olefin polymers. 


POP OUT ICE CUBE TRAY (The Dole Valve Co., Morton 
Grove, Ill.)—New design and MARLEX cause cubes to 
“pop out” without “defrosting”. Tray is flexible even 
when ice-cold . . . and tough, sanitary, longer lasting. 


Bartlesville, Oklahoma 
A subsidiary of Phillips Petroleum Company 


CIRCLE 42 ON READER SERVICE CARD 


MERCHANT PIPE—Available from 4%" to 2", this easy- 
to-install coilable pipe of NSF approved MARLEX has a 
wide temperature range and extra strength per mil of 
wall thickness. Quality at moderate cost! 


(66. 


MARLEX 


PLASTICS 





HYDRECO 


out front in... 


HYDRAULIC. EQUIPMENT 
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ONTROL 


ST ONE MORE WAY HYDRECO SERVES YOU BETTER! 
odern gaging equipment — like these units for checking critical dimensions 
— is an important factor in the reliable quality control provided by Hydreco. 
Such equipment is used at every stage of the manufacturing process. 


“a 


But Hydreco quality control does not stop there. To insure precision made products, 
master gages are also used to double check the accuracy of production gages! 


This gaging equipment is just one more reason why Hydreco continues 
to lead in the essential areas of quality and performance. It’s also one of the 
big reasons why — when it comes to Hydraulic equipment — more and more 
companies are switching to Hydreco . . . the one that serves you best. 


HY DRECO pwision 


THE NEW YORK AIR BRAKE ~~) 
l z700 « MICHIGAN 
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VALVES MOTORS 





: Y ei This exceptional vinyl can be lami- 
vAN AN | Ae — nated permanently to metal for an 
integral finish of distinctive color . 
Y ‘ ind design! That’s its beauty as a 
Bl | | iB} N ¢€ selling plus. And here’s its beauty 
. from a production standpoint: It 
“ Ce beM bcm tiomealeleceMmerulliceme) me (ras 
| |) “al drawn without impairing its beauty 
4 or distorting the material. No new 
processing equipment needed. Ena 
KOR y OUR bles you to work with prefinished 
arts. Can even eliminate the need 


for spray booths and baking ovens 


») T Y ml) Ga Cleans easily. Write for information 
and. samples. 
* * 


Industrial Products Division 


a THE MASLAND DURALEATHER CO. 
Dept. PE-E, Amber.& Willard Sts. 
Philadelphia 34, Pa. 


eis * 
nd Duran 


CLAD | 


vinyl finish 


ie 2 p i » " 
Furniture by FALCO PRODUCTS CO., Philadelphia, Pa. 
Masiand Duran Clad used on table. Matching uphol- 
Stery grade Masland Duran on chair. 





qa CIRCLE 44 ON READER SERVICE CARD PRODUCT ENGINEERING + JUNE 12, 1961 





T-J Spacemaker cylinder line is not 

, nor ever has been, a probe into outer 

space. It is offered as a practically designed, 
© research engineered a ditime tested product. 
Its _Spacemaker featur | (no tie-rods) and 


ruction gives reater strength, \ J) 4 
ind reduces ct in all power, 


RIVITORS ” 
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drive applications. The Spacemaker is avail- 
able ‘a complete range of bore sizes and 
s gir or hydraulic, : tains many 


gan nee. ., Jackson, Mich. for 
#155-4 and for full particulars, today. 


“TOMKINS-JOHNSON 


. 
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HANDY ALLOY DATA SHEET = = 


HANDY & HARMAN ENGINEERING DEPARTMENT 


‘ 
‘ 
‘ 
‘ 


TEC 


TEC-2Z 


850 THIRD AVENUE, NEW YORK 22, N. Y. > 


‘ 


. 
en elimination ionetiommetineneticnmed innate itenmiemetionndienneimeediemndtieenndibanesinenetteaelientinemetieediemeditmimdionsttl 
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...How to choose between a soft solder and a brazing alloy 





Handy & Harman provides two alloys that fit between 
“something stronger than the average soft solder but 
not as strong as a silver-brazing alloy.” They are named 
TEC and TEC-Z and their flow points are intermediate 
between soft solders and silver-brazing alloys. Joints 
made by these alloys are strong in straight tension or 
shear. For instance, butt joints of cold-worked copper 
can be made having a tensile strength of about 25,000 psi. 
This is approximately 10,000 psi. more than can be ob- 
tained with tin-lead soft solders. TEC joints retain their 
strength at elevated temperatures much better than the 
tin-lead soft solders. As shown in the table below, the 
strength of the solder itself at 425° F is about the same 


‘ae = 5 ae 3 


Pei 3 “p 


as a 50% tin—50% lead solder at room temperature in 
short-time tensile tests. 

Applications —One example is a thermostatic bellows 
where the operating temperature is too high for soft 
solders (tin-lead), yet requires a joining medium which 
will not anneal the bellows. Another use is gun parts 
which require joint strength at higher than soft-solder 
operating temperatures plus corrosion resistance to solu- 
tions used in cleaning and blackening. Also for lamp 
bulb bases operating at approximately 350°-500° F 
Automotive applications and heat exchangers. TEC con- 
forms to Government Specifications Mil-S-19234 (Nord); 
both TEC and TEC-Z are available in sheet, wire, pow- 
der, and preforms to specifications. 


The information and data on this page are available in our Handy Alloy Data Sheet. Ask for “TEC.” Handy & Harman 
850 Third Ave., New York 22, N. Y. 


Your No.1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 


General Offices: 850 Third Avenue, New York 22, N. Y. 
Offices and Plants: Bridgeport, Conn. + Chicago, Ill. * Cleveland, Ohio + Dallas, Texas « Detroit, Mich. + Los Angeles, Calif. + New York, N.Y. 
Providence, R.!.,* Montreal, Canada + Toronto, Canada 
DISTRIBUTORS IN PRINCIPAL CITIES 
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BERYLLIUM COPPER 
BELLOWS puns eaener eocane 


for longer life... higher pressures 





Beryllium copper was selected as the metal for the 
Rennie le ee ee 
836 Style T Oiltight Pressure Control. Advantages 
gained include . . renames We . ability to with- 
stand higher pressure . and negligible hysteresis 
for up to 80% of compression stroke. Specifications 
of the Allen-Bradley Style T Pressure Control are: 
Adjustable range 0 to 35 psi . . . adjustable differen- 
priya ‘maximum allowable pressures 60 psi 
(line), 80 psi (occasional surge). 


hee 











FLEXONICS CAN HELP you. If you are con- from the simple sensing device of the domestic 
fronted with a problem involving absorbing, range to highly intricate and delicate fluid me- 
compensating, transmitting, or converting en- tering controls for missile engines. Flexonics 
ergy or force, your answer may well be a bellows. bellows can be furnished in a broad range of 
A good source of counsel is the Flexonics metals. You are invited to submit your problem 
Application Engineering Staff. These men are for analysis — without obligation. 

experienced in all areas of bellows mee 


8-540 


IVISION OF CALUMET & HECLA, INC. 
86 € Devon Avenue + Bartiett, tttinois 


Flexonics 

386 East Devon 
Bartlett, Illinois 
FLEXIBLE METAL and SYNTHETIC HOSE In CANADA 


EXPANSION JOINTS FLEXONICS CORPORATION OF CANADA, LTD. 
BELLOWS + SPECIAL TUBULAR ASSEMBLIES BRAMPTON, ONTARIO 


Please send my per- 

sonal copy of Flex- 

onics 20 page Bellows Design Guide 

covering in detail Flexonics products 

and services for bellows applications. 
Sse sae wee eens e ween ee eee ee ee 
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Practical approach to compactness 
is demonstrated by this flame 
retardant, interphase insulating barrier 
for magnetic air circuit breakers. 
When the equipment was designed, 
CDF utilized its extensive knowledge 
of adhesives and post-forming 

to provide the barriers from a flame 
retardant, paper base phenolic 
laminate. 


Result: two pieces bonded together 
to provide three channels in one unit, 
reducing size and cost, yet 
maintaining effective electrical 
insulating properties. 


A few facts on the laminate: 
Flame resistance: ASTM D-635 
... self extinguishing 
Water absorption, % 
Flexural strength, psi ... 
Specific gravity 
Dielectric strength, parallel, kv... 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ®A SUBSIDIARY OF THE fae COMPANY 
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R&M unshackles your designers’ hands by providing a 
wide range of Universal Motors for powering portable 
tools, household appliances, business machines and many 
other products. R&M Universals are available 1/50 to 
1 HP, AC and DC operation, fixed or reversible rota- 
tion, open or totally enclosed, with rigid bases or end 
mounting. Motors feature high operating speed, high 
starting torque, adaptability to speed control, and light 
weight per horsepower. Quality materials, skillful engi- 


neering and precision manufacture assure long, 
dependable life and quiet, vibrationless operation. Be- 
sides standard ratings, many special designs are now 
engineered and tested due to past custom-designing . . . 
or R&M will custom-design a motor for your specific 
application. Write today for R&M Bulletin 444-PRE 


frame 4334 
pad mounted 
open universal 


frame 29 
totally-enclosed 
universal 


eam 


UNIVERSAL MOTORS 


1/50 to 1 horsepower 





frame 3736 
end mounted 
open universal 





universal parts 


ROBBINS & MYERS, INC., Springfield, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair. Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Onterio 
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TORRINGTC 


FOR THE INSIDE STORY... 


...ON TORRINGTON SPHERICAL ROLLER BEARINGS, one word: precision. Each 
individual part is precision-engineered to the highest standards in the industry...functions 
precisely and efficiently with all other parts. 

Every roller is matched electronically within .0001” for even-load distribution and 
maximum capacity. 

Each independent land-riding cage spaces rollers precisely...prevents roller drag 
even under the heaviest loads and possible misalignment. 

The integral guide flange is ground to a common spherical radius with the roller 
ends for positive roller guidance, greater stability. 

For minimum friction and wear, both inner and outer races are precision ground to 
conform exactly to roller contours. 

Put together...a Torrington Spherical Roller Bearing for superior performance, relia- 
bility and long service life. Buy the best...specify Torrington. 








SUPERIOR PERFORMANCE 
FEATURES OF 
TORRINGTON SPHERICAL 
ROLLER BEARINGS 


C inherent self-alignment 

C conformity of rollers to raceways 

OC integral center guide flange for 
stability 

OC positive roller guidance 

C land-riding bronze cages 

© maximum radial and thrust 
capacity 

© controlled internal clearance 

OC electronically selected rollers 

© even load distribution 

D long, dependable service life 








TORRINGTON BEARINGS 


South Bend 21, Indiana « Torrington, Connecticut 


progress through precision 
THE TORRINGTON COMPANY 
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THIS HIGH PRESSURE SYSTEM 
HAS MADE ALL OTHERS OBSOLETE! 


And for good reason. Leakage can’t be 
tolerated when line pressure soars to 6000 
psi. The CPV O-Seat System not only sat- 
isfies this critical requirement, but provides 
a degree of design flexibility previously un- 
available even for low pressure applications. 

Leakproof connections are made — or 
broken—at will, and they remain leakproof 
regardless of vibration or line surge. CPV 
design employs O-rings as static seals that 
use line pressure to effect a perfect seal. 
In fact, the higher the pressure, the tighter 
the seal. 

Valve packings, a constant source of 
maintenance, have been completely elimi- 
nated. 


“Bubble-tight” valve shut-off is as- 
sured every time by combining a resilient 
nylon disc with a monel valve seat. 

The reliability of CPV soft-seated valves 
and the effectiveness of O-ring sealing have 
been proven by certified government tests. 
In one of these, a CPV O-SEAL valve showed 
no sign of leakage at over 4000 psi after more 
than 4500 successive closures! 

Also, the CPV O-Sea System is so flex- 
ible that you can assemble, remove, relocate 
or modify any section or the complete system 
without springing or cutting the lines. 

Turn the page for more details on this 
proven breakthrough in high pressure sys- 
tem design... 





“Bubble-Tight” at 6000 psi... 


Here’s the business end of a CPV 
O-SEAL valve under test in a 6000 
psi line. The thin film of soap 
solution covering the discharge 
port proves there isn’t any leak- 
age through the valve seat. 
Unique nylon disc and monel seat 
design combine to give “‘bubble- 
tight” valve shut-off of water, oil 
and any gas—even “hard to 
handle” helium. 


O-SEAL SYSTEM 
for high pressures 


, 


Proved by the Nuclear Subs... Handtight Connections 


Ever since the USS George Wash- 
ington left the drawing boards, 
the O-SeaL System has been 
specified for handling the critical 
high pressures on nuclear sub- 
marines. This, and a’ rapidly 
growing roster of industrial ap- 
plications, underlines the basic 
soundness and proven reliability 
of this unique system for line 
pressures to 6000 psi. 


Just tighten the union nut by 
hand and you have a connection 
that will be leakproof well above 
6000 psi. Even after installation, 
valve can be repositioned or re- 
moved merely by loosening the 
union nuts. Same principle ap- 
plies to unions, elbows, tees, and 
fittings. Unlimited flexibility is 
assured without. sacrificing leak- 
tight requirements. 


A Complete System for 1500 or 6000 psi Service 


CPV offers a complete system of O-SEAL valves and fittings to meet a wide range of high 
pressure design needs ai fluid temperatures from —20° to 275°F. Unions, elbows, tees and 
fittings in addition to globe, check and relief valves are available in sizes ranging from \- 
inch to 2 inches. Two complete series—for working pressures to 1500 psi or to 6000 psi—pro- 
vide unequalled design flexibility. 


Details and specifications on the full line of CPV O-SEat valves and fittings are given in 
36-page Catalog 60-A. Clip the coupon below to your company letterhead and mail to CPV 


today for your copy. 


Combination Pump Valve Company 
846 Preston Street, Philadelphia 4, Pa. 


Please sencl me Catalog 60-A on the CPV O-SEAL SYSTEM 


Name 





Title 





Firm 





Address 








City 





Each of these Kopp glass parts was 
engineered to do a specific job 


Perhaps we can help you with your problem .. . 





REPRESENTATIVE KOPP PRODUCTS 
(Reading from top, left to right) Whether you need a lens, color filter, cover glass, or some other 
““tdmunwiaweas. special part, Kopp can engineer and custom-produce a product 


Teathe lone tor, to meet that need. It will be designed to provide the right light 


Traffic lens for multiple-lane control 


MARINE floating light lens il ° ° ° a 
Marine color fitter and color transmission and distribution, heat-resistance, me- 


orn Grane ion tone chanical strength— in fact, the exact combination of properties 
RAILROAD lantern globe > . — 

Railroad switchiamp lens needed to do your special job. Write us about your needs. 

Railroad fresnel globe 


SURGICAL heat absorbing lamp filter KOPP GLASS, Inc. e SWISSVALE, PENNSYLVANIA 


LIGHTING refractor for street lighting 
Lighting lens—fiat fresnel for 
interior lighting 
Lighting museums and art galleries— 
color-correcting glass 


r-------- 


KOPP GLASS, INC. 
SWISSVALE, PA. 
CJ) Please send FREE copy of “This is Kopp Glass.” 


(C) Enclosing preliminary drawing and application informa- 
tion for your suggestions. 


Lighting lens—beam control 


FLOODLIGHTING cover glass 

INDUSTRIAL vapor-proof globe 
industrial control board indicator lens 
Industrial sight glass 

SWIMMING POOL color-correcting lens 


l 

! 

| 

| 

| 

l 

THEATRICAL lighting color filter | 

Theatrical and TV spotlight lens 
AIRCRAFT wingtip lens 

Airport runway lens | 

Aircraft wingtip part | 

Airport runway color filter | 

Airport runway bi-color lens 

| 

| 


AUTOMOTIVE turn signal arrow 
Automotive dome 


DENTAL light color-correcting filter 


cm ee es ee ee ee ee 


__STATE_ 
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No other centralized lubrication system can offer 
the advantages of Accumite with the 


ALEMITE MECHANICAL PUMP AND TIMER! 


Close-up of the Alemite Mechanical Pump and Timer 
driven by timing shaft by means of a chain and sprocket. 


In Canada: Stewart-Warner Corporation of Canada, Ltd.. 
Belleville, Ontario 
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By utilizing a chain and sprocket to transfer rotary motion to an 
Alemite Mechanical Pump and Timer you can supply efficient, au- 
tomatic Accumite Centralized Lubrication to as many as 400 points 
or bearings. That’s over 30 times the capacity of other pumps! The 
Alemite Pump eliminates the “rat’s nest” of lines other systems 
require—serves all bearings with a single line. Shots are measured 
at the bearing, not at the pump. Line length is no factor and any 
size shot from .00055 oz. to .012 oz. or more can be delivered to 
any point. Two more Alemite advantages are the big capacity 
5-pint reservoir and an alarm system assuring accurate, positive 
lubrication. 

The Alemite Pump and Timer is completely mechanical, uses 
no air or electricity. Cam operated valve closes at intervals de- 
termined by the pump input shaft speed to deliver positive, meas- 
ured amounts of lubricant to each point in the system. 
Measurement is by piston stroke, wear not a factor, pressures re- 
main constant and can be read on any type gauge. 

Contact your local Alemite distributor or write for free illus- 
trated literature on the Alemite Mechanical Pump and Timer and 
the Accumite Centralized Lubrication System. 


ALEMITE 
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YOU AND TOMORROW 


Are there times when you wonder—just a little—how much you really know? 
Do you sometimes feel that the new crop of engineers has been better trained 
than you were, that technology is moving too fast for you to keep up? 

Mover over, Brother, and make room for me! Dr Thomas Stelson of 
Carnegie Tech estimates that the older graduate must put in 10% of his time 
developing his knowledge to keep up, an additional 10% to retain his 
collegiate training. A classmate of mine, who has spent his life in education and 
is now a very respected dean, told me recently that present-day engineering 
graduates learn as much in their first two years as I did in four. 

Well, maybe. But they'll have the same worries and wonders a decade— 
or two decades—from now, because technological change is accelerating all the 
time. And much of the recent advance has been in the area of information 
technology—the kind that moves into the “thinking” phases of engineering. 
This in turn leads to the possibility that many decisions now made through 
the wisdom of experienced engineers will be made by pushing the right buttons. 

So what? A great many men become obsolete within their working lives 
because they’ve been graduated into a specialty or into management. They forget 
the basic things because they no longer use them every day, and they 
fail to learn the new things because they haven't time or aren’t forced. And about 
the time they’d welcome a little respect for their sagacity, they find 
their experience is outmoded and worthless. This is the penalty 
of rapid technological advance. 

Add in the longhairs. The shift from practical engineering to engineering- 
science has been extremely rapid these last few years. ‘The longhairs are 
inheriting the earth. What are you going to do about it? Become a longhair too? 
Develop countermeasures? Combat the invasion? Try to outlast them? 
We're rapidly progressing from the era in which a bachelor’s degree became 
essential to one in which the master’s is a minimum and a doctorate 
advisable, particularly in research. Does this trend produce better 
research, better science, better engineering? 

Again, maybe. In many cases the shift has just produced involvement, 
obfuscation, even resistance to new ideas. Because education can be an eve-closet 
as well as an eye-opener. It can make a man over-emphasize the known, 
over-value his knowledge, scorn the ideas of less-well trained men. It can build 
a sense of security where there is no security, a blind belief that erudition 
and culture will triumph over ignorance and force. 

But they don’t. Our elaborate intelligence setup fell flat on its face in Laos, 
Cuba and half a dozen other places—and seemingly hasn’t improved. 
Presumably it is manned by well-trained, experienced men. Our diplomacy 
has failed again and again, is similarly manned by experienced men. 

Can the same thing be said of our science—and our engineering? 

Can it be said about you? Or will it be said tomorrow? Will you enter 1971 
with a 1961 point of view, as we nationally have entered 1961 with 
a 1940 point of view? 





SILICONES 
le | 


GOING INTO HUNDREDS OF PRODUCTS 
WHICH NEED THE THERMAL STABILITY, 
LONG LIFE, CONSTANT VISCOSITY 
AND COMPRESSIBILITY OF 


General Electric Silacone Fluad: 











Extreme temperature lubricants For high tempera- 
ture lube applications, General Electric silicone 
lubricating fluid Versilube F-50 gives unmatched 
thermal and oxidative stability over the tempera- 
ture range of —100°F to 600°F. Its lubricity is 
unequalled at temperatures as high as 600°F, 
and comparable to other fluids in the moderate 
ranges. Excellent hydrolytic stability. Not corro- 
sive to common metals. 


Dielectric coolants The extreme long life and ther- 
mal stability of G-E silicone fluids make them 
ideal as heat transfer media. Fluids of the SF-97 
series can be pumped over a wide temperature 
range and will last indefinitely at 300°F in the 
presence of air, and more than 500 hours at 
570°F in the absence of air. Further benefits in- 
clude low volatility, chemical inertness, resistance 
to oxidation, and high dielectric strength. 











Compressible fluids This liquid spring, which 
lizes the compressibility of G-E silicone flu 
can do the same work as a conventional sp 
five times as heavy. All G-E silicone fluids 
relatively constant viscosity over wide temp 
ture ranges, and high-temperature stability. 
cosities range from 5 to 100,000 centistokes 
25°C. Ideal for hydraulic fluids, fluid dri 
dashpots, and dampers. 


The benefits of General Electric silicone fluids find uses in hundreds of products, from jet engines to 
suntan lotions. To learn more about these versatile, problem-solving fluids, write: General Electric 
Company, Silicone Products Dept., Section A647, Waterford, New York. 


GENERAL @@ ELECTRIC 
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how to design the... 


SOLDERED ELECTRICAL CONNECTION 


Previously (PE—June 13 ’60 and Mar 6 61) the author explained how to select the correct 
solder flux and choose among the 28 basic types of soft solders for mechanical and electrical 
applications. Now he concentrates on the knottiest problem of all—the electrical connection 
itself—and gives a complete design procedure covering all types. 


HOWARD H MANKO When soldering is the method you decide to use for an electrical 


i iat tallurgist ; . os , 
eine sce connection, you face a choice among 14 joint configurations and 10 
Product Development Laboratory . / _# - 
Data Systems Div, IBM, Poughkeepsie, NY basic solders. Penalty for a wrong choice is increased production cost, 
reworking and field service expense. 
There is no shortcut in designing a soldered connection; choice is 
dictated by the reliable joint that will handle the current, is easily 


made, is mechanically strong, and has long life. 


DESIGNING THE SOLDERED JOINT 


Soldered joint design is not simple; it involves flux chemistry, gal 
vanic action, heat transfer, oxidation, mechanical stress, conductivit 
and process control. But these requirements can be met by a straight 
forward 10-point design procedure 

Sketch the joint. Usually the electrical and physical requirements 
dictate the approximate configuration, and a few simple sketches will 
pinpoint one of the 14 types. 

Check the process limitations. Are the components or terminals 
made of special materials? Will pre-tinning or plating of components 
be necessary for protection or manufacturing reasons? Is there a 
temperature or thermal-shock limitation on any of them? Is a different 
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SOLDERING is probably your best 
method if your joining problem is: 
@ Simultaneous connection of multiple 
terminals on printed circuit boards or 
other uniformly shaped parts—one dip 
in a solder bath may do it. 
@ Complete metallurgical bonding but 


I—SOLDERED VS OTHER ELECTRICAL CONNECTORS 





Metallurgical Mechanical Chemical 





ie 
Conductive 


Weld Crimp |Screw| Wrap| cement 





Temperature limit 
of joint (melting 
or breakdown), °F 


conductor | no limit except that of 160 to 500 
melting wire 


temp. 





Heating effect 
on assembly 


small cures at 
(quick) ambient to 
250 F 








Ease of rework 
and re-bonding 
of permanent joint 


simple not 
practical 


simple not not 
practical | practical 








Size of joint, 
relative to conductor 


medium 














Process economy 


but eos'ly reflowed for repair or 


Equip. cost 
change. 


low medium] high low 





@ Special configurations awkward to 
join by mechanical means, or too 


Ease of automation 


easiest | more more more difficult 


difficult) difficult 











closely spaced for other methods. 


P “ Extra hardware? 
@ Flexible automatic assembly with low 





equipment investment. Joint stable? 


Vibration 








Oxidation 























solder or flux needed for any individual terminal? It two 
terminals are close together, must they be separated with 
thermal barriers or protected by heat sinks during soldering? 
Must one terminal be made with higher temperature solder 
so that it won’t melt when the second terminal is soldered? 
Does solder have a “‘pasty” range or does it go right from 
solid to liquid? Will the solder flux or the cleaning solution 
react chemically with the conductors, insulators or sup- 
ports? Will intermetallics be formed? What about ease 
of automatic manufacture? Relative cost? All these limi- 
tations are discussed in detail in previous articles listed on 
page 64 and the worked-out electrical example in this 
article takes many such limitations into account. 


Pick conductor size. Current-carrying capacity and 
mechanical strength are important. Table II lets you pick 
the right lead wire quickly. 


Select solder (or solders). Table III gives the answers 
for all ordinary electrical applications. Where. a pair of 
terminals requires two separate soldering techniques, work 
out the over-all sequence. If the surface needs a solderable 
coating (pre-tinning is one way), pick it with the help of 
Table IV. 


Look up resistivity ratio of each solder vs the-conductor 
in Table III. 


Calculate important joint dimensions with the equations 
in Table V. 


Add a 50 to 100% safety factor (depending on applica- 
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tion) in addition to that inherent in the joint-dimension 
equations. Round off numbers to be consistent with a 
reasonable manufacturing tolerance. 


Design a trial joint, complete with dimensions of lead 
wire and terminals, based on electrical requirements. 


Check trial joint for mechanical strength by calculation 
or by building a prototype. Redesign if necessary. 


Make final engineering drawings with specifications. 


HOW TO USE THE TABLES 


The tables are arranged in the same step-by-step sequence 
as the 10-point design procedure. Table V (“Design 
Criteria”) is the key table, and although it is not first in 
the sequence, it relates indirectly to every other table. For 
example, before you sketch the joint (first step in sequence) 
look at the typical joints in Table V. 


Current-carrying capacity for copper wire (Table II) 
contains data recently calculated on a solid-state IBM 7090 
data-processing system. Data are applicable to copper 
conductors at various operating temperatures, with con- 
ventional sleeve insulation. Normal ambient temperatures 
are assumed, with heat dissipated by natural convection 
and radiation. 


Properties of solders—Table III lists only electrical 
solders, and the right one can be quickly selected. Resis- 
tivity ratio 8 is ratio of solder resistivity to resistivity of 


text continued, page 61 
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OF INSULATED ANNEALED COPPER WIRE 


ll—CURRENT-CARRYING CAPACITY 
i ivity 0.9; ambient temp. 68F) 


(insulation Emi 








Bare Stranded 
Wire 
Ultimate 
Tensile 
Strength, Ib 





Current in amps to give these wire temperatures: 





Solid 
AWG Wire All 
(Wire Dia, Dia, 
size) in. in. 


Over- 
AWG 
(Wire 
size) 


Strands / 122 F (50 C) 158 F (70 C) 212 F (100 C) 


Gage 
(AWG) 





Solid Strand Solid Strand Solid Strand Solid Strand 





794 6 
499 8 
314 10 
198 12 
124 14 


71 
53. 
37. 
28. 
21 


762 
480 
310 
197 
124 


61. 
45. 
33. 
25. 
18. 


64 
47. 
34. 
25 
19. 


68. 
50. 
37. 
27. 
21. 


6 0.1620 
8 0.1258 
10 0.1019 
12 0.0808 
14 0.0641 


0.210 
0.167 
0.120 
0.096 
0.077 


266 /30 
168/30 
104/30 
65/30 
41/30 


53 
39. 
29. 
21 
16 


16 
18 
20 
22 
24 
26 





0.0508 
0.0403 
0.0320 
0.0253 
0.0201 
0.0159 


0.060 26/30 
16/30 
10/30 
7/28 
7/32 


7/34 
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1ll-——PROPERTIES OF ELECTRICAL SOLDERS 
(in order of increasing melting temp.) 





Typical names 


Temperature, 
°F 


Resistivity Ratio, 
p solder 


p conductor 


pt copper 1.73; 
brass 6.2; silver 1.59 


Strength 
(of alloy alone), 
psi 





Solder, 
microhm/ 
om 


Solder 


Copper 


Solder | Solder 


Brass 


Silver 


Tensile 


Application Tips 





Indalloy #1; 
Cerroseal #35 


8.5 


Low vapor pressure; 
good for metallized 
surfaces on glass 





19 Pb-30 Sn- 
50 In- 
1 Ag 


IBM (special) 


Cryogenic (down to 
4 2 Kelvin) 





63 Sn- 
37 Pb 


Eutectic tin- 
lead 


A common solider. No 
“pasty” range 

goes directly from 
liquid to solid 





ASTM 60A 


The most common 
electrical solder 





ASTM 50C 


Resists creep well 








IBM (special) 
These are two 
recent examples 


Thermal-emf-free 
joints for gold or 
silver conductors 





of several dozen 
types developed 
by author 


Thermal-emf-free 
joints for copper or 
zinc 





Eutectic tin- 
silver 


High-temperature 
solder (for instru- 
ments) 














Indalloy #3 























1600 


(joint) 








For silver-fired glass 


and ceramics 
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Type of joint 


Nomenclature: 
D, key conductor dia. 
D. solder fillet dia. 
T thickness or side 
L joint length 
§ resistivity ratio 


IV—SOLDERABLE COATINGS ON 


ELECTRONIC COMPONENTS 





Surface 
Coatings 


Corrosion 
Resistance 


Storage Problems 





Silver 
(solid or plated) 


Good corrosion resist- 
ance in sulfide-free 
atmosphere 


Pure humidity not detrimental. Slight sulfur 
contamination (combustion fumes, lubricants, 
cutting oils, organic matter, decay, etc) 
deteriorates surface rapidly 





Tin Lead 
(hot-dipped or plated) 


Sensitive to humidity 


Keep surfaces at low humidity and room 
ambient. Elevated temperature might dif- 
fuse solder into base metal and deteriorate 
surface solderability 





Very good corrosion 
resistance. 


No storage problems 





Plated (approx 0.0001 
in.) or flash (approx 
0.000,01 in. on silver) 


Good corrosion resis- 
tance. Sensitive to 
humidity 


Prolonged humidity speeds corrosion. (If 
gold is needed, assume environment will be 
poor, and protect accordingly) 





Cadmium 
(plated) 


Good corrosion 
resistance 


Solderability decreases with humidity ex- 
posure 





Nickel-silver 
(solid) 


Good corrosion 
resistance 


This alloy contains nickel, copper, zinc (no 
silver). Solderability degrades in high 
humidity because of the nickel 





Copper 
(solid or plated) 





D, 





Very sensitive to 
humidity 





Common in printed circuits, before and after 
assembly. Very sensitive to corrosion 





V-DESIGN CRITERIA FOR SOLDERED ELECTRICAL CONNECTIONS 
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square- 
to- to- 
square 














Mechanical security prior to soldering 


very little 





Fixtures needed? 


cptional 


optional 





Solder cross-section area for calc. resistance 


wil mD,L, 





Joint dimension needed for constant resistance 














Electrical current capacity (relative) 


small 





large 


medium large medium 





Usage 


not often used 


often used 


widely used 





Ease of inspection 


easy 


fair easy difficult fair 





Special comments 





difficult to make 





fair for 
through 
wires 


must 
bottom 


good for 
through 
wires 
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key conductor. Table IV augments Table III by listing 
solderable coatings for the surface of a component. 


Joint design 


Table V is a working guide to designing a soldered 
electrical connection, and in it you can insert the values 
read from the properties chart. Every common soldered 
electrical connection is covered here except printed circuit 
types, which are shown in Table VI. 

The table covers these three broad categories (based on 
degree of mechanical security prior to soldering): Not 
mechanically attached (butt and lap); partially attached 
‘hook); and completely attached (wrapped). 

Using the sketches and equations in the table, key 
dimensions of the joint can be calculated to ensure that 
the solder will not add any more resistance to the circuit 
than there would be if the copper conductor were con- 
tinuous. This is important because local high resistance 
will raise the solder temperature, and perhaps weaken it. 

None of the equations in the joint-design table is com- 
pletely rigorous, and these simplifying assumptions—most 
of them are conservative—are made: 


® Joined conductors have no direct mechanical contact—a 
layer of solder is always between them. 

e Worst configuration (highest joint resistance) is assumed. 
For example, in the wire-to-cup joint, the wire is centered 
and not completely bottomed. 

e The smaller (higher resistance) conductor is chosen as 
basic, and is given the subscript “1” in each equation. 
The resulting solder joint will match the higher resistance 


text continued, next page 
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How to calculate solder-joint 
dimensions 


@ Electrical resistance of a soldered joint depends on 
electrical resistivity of the solder, length of the current path 
(solder thickness between the joined conductors), and 
cross-section area of the solder measured perpendicular 
to current flow. Path length approaches zero in a good 
joint, but cross-section area must still be enough to handle 
the current in case path length is appreciable. Recom- 
mended relationship is this: solder area = (conductor 
area) x (resistivity of solder) / (resistivity of copper). 

The simple example of two round wires butt-soldered 
together (sketch below) helps explain how the equation 
is derived. These assumptions are made: all current must 


—_—_—_——-»| 
ome! 
\Continuous 


Current \conductor 
flow ‘wen l, 


, a. s 
4 by 
Conductor 
with joint 


“total 














be carried by the solder (no direct mechanical contact 
between conductors); thermal coefficient of resistivity 
(% resistance change per deg F) is nearly the same for 
conductors and solder, and solder does not heat up 
relative to copper; joint and rest of circuit are properly 
designed. 

If there were no joint, conductor resistance Reota 
would equal pcL/Ac where pe is resistivity of conductor, 
micro-ohms/cm (resistance of a piece 1 cm long and 1 sq 
cm in cross-section area); L is total length of conductor; 
and A¢ is cross-section area (*D*/4 for round wire). 

Joint resistance (lower half of sketch) is psLs/As, 
where ps is solder resistivity, Ls is length of solder path 
between the conductors, and Ag is cross-section area of 
solder. Resistivity of solder is ordinarily much higher 
than that for the conductor, so the solder: “fillet” must 
be large in cross-section to keep over-all resistance low. 

Over-all resistance of conductor plus joint is R: + 
Rs + Rs. This total value will be equal to or less than 
that for the conductor alone (upper half of sketch) if the 
joint cross-section area is larger than some critical value, 
depending on the resistivity ratio, 8 = ps/po. In effect, As 
must = 8A¢. (For round wire, this is expressed as 
Ds = De v3.) 





portion of the over-all circuit. (Using the larger conductor 
could give erroneous results if markedly larger. ) 

e Current-carrying cross-section of the solder (area _per- 
pendicular to current flow) is normally based on that wetted 
area of the smaller conductor adjacent to or projected on 
the larger conductor. ‘Ihe larger conductor might be 
wetted over a larger arca, but this surplus is neglected in 
the equations. Interpretation of this rule is different for 
each class of joint, and inspection criteria cover all of 
them. 


Butted joints 


Butted joints have conducting areas based on the end- 
area of the smaller conductor. Note that square-to-square 
joints have round-shaped solder beads, and _ rectangle-to- 
rectangle joints are “squared off.” 


Lap, hook and wrap joints 


Wetted area for a flat-to-flat joint is the facing area of 
the smaller conductor. A round conductor on a flat or 
grooved surface is wetted halfway around its circumference 
(a normal inspection requirement), but there are several 
ways to figure how much of this wetted area is effective in 
carrying current. 

Round-to-round lap joint has an effective area based on 
only half the wire diameter (half the projected area) be- 
cause the solder fillet is smaller in middle of the joint. 
If one wire is much larger than the other—3 to 4 x dia— 
then it should be treated as a round-to-flat lap connection. 

Round-to-flat lap joint area is based on the projected 
area (dia x length) of the wire. 

Wire-to-post “stick” joint (wire in a groove) area is 
based on wetted surface (half circumference of the wire). 

Wire-to-cup and wire-to-hole joints are wetted over the 
entire wire circumference (in cup, bottom is wetted too) 
and all this area is effective. 

Hook-joint conducting area is based on the projected 
area of the smaller conductor on the larger. (Hook must 
be at least a 180° bend.) Ignored in the equations is the 
small additional current path created by a secondary wrap- 
around effect, if any, of the larger conductor on the smaller. 

Round-to-round wrap joint (twisted-wire pair) is similar 
to an untwisted round-to-round lap joint—effective area is 
half the diameter times the joint length. 

Round-to-flat and round-to-post wrap joints have an 
effective conducting area equal to wire dia x total length 
(projected area) where length is based on number of turns 
(N) and the post diameter. 

In any type connection, extra-large fillets, beads, or 
other side-paths are not acceptable because they interfere 
with inspection of the joint. 


Design for easy inspection 


There is no automatic way to inspect a soldered elec- 
trical joint: only visual examination will work. No excess 
solder is permitted~you should be able to see the outlines 
of the conductors under the solder. Good wetting (small 
angle of contact between solder and surface) is essential, 
and the solder surface should be smooth and shiny. The 
photos on the next page shew examples of good and bad 
electrical joints. 
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VI-TERMINAL LANDS FOR PRINTED-CIRCUIT BOARDS 
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C) teardrop ' aie almost 
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Even and 
round 


Good design 
Enlarged contact area 





The universal pattern 





Not widely used 





Not widely used 





Used if space very 
limited 




















PRINTED CIRCUIT CONNECTIONS 


Printed circuit boards are ideally suited to soldered 
connections—single or multiple connections, manual or 
automatic techniques. Greatest asset is that all the solder 
joints on the board can be made simultaneously by dipping 
or wave-soldering. 

Component and conductor spacing must be wide enough 
to prevent “bridging” of the solder during this process, 
and the over-all pattern should suit the available automatic 
equipment. For instance, most automatic soldering baths 
have their greatest length in the direction of board move- 
ment; therefore, design the conductors and joints parallel to 
the long edge so that most of the lands are lined up in 
the dipping direction. 

Terminal (land) on the board surface can have one of 
the five shapes in Table VI. The teardrop shape has two 
advantages: it is smaller than the equivalent round shape, 
and still has an even fillet. The component lead can be 
attached to the long end. 

The best joint length for a component lead wire attached 
to the board can be calculated with the design equations on 
the previous pages, but normally length L, is made equal 
to 9t, where t is the conductor-land thickness. Electrical 
requirements will be met, and mechanical strength will be 
adequate. If mechanical failure does occur, it will usually 
be in the wire or component, especially for plated-through 
holes and inserted eyelets. 

Thermal expansion can be a problem. Some board 
materials that have low expansion in X and Y direction, will 
expand in thickness as much as 1 mil during a solder dip 
(temperature rise of 400 F). If the board is double-sided 
with through-holes, special ductile copper plating (fluobo- 
rate) or prestressed eyelets may be necessary. Also, try to 
provide uniform “component population” (uniform heat 
capacity) throughout board to avoid hot spots or local heat 
sinks. 

Capillary action—to help draw solder through the holes 
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SOLDERED ELECTRICAL CONNECTIONS must satisfy 
these requirements: adequate (but not excess) solder; 
visible conductor contours; and adequate (but not excess) 
joint length. Only 1 joint meets all the requirements: 
left-hand joint in (D). Unsuitable are: (A) has correctly 
attached wire but insufficient solder; upper and lower 
joints in (B) have more turns than needed (however, sur- 
plus turns in lower joint are for pre-assembly reasons); 
right-hand joints in (C) and (D) have excess solder that 
prevents inspection of the joint. 


in the board—is necessary. Best results are with 0.003 to EXAMPLE OF JOINT DESIGN 
0.005-in. clearance between lead wire and hole. Further PROBLEM: A thin film of fired silver on a glass com- 


help is derived from the dynamics of dip and “wave” 


ing. yperation is properly done, in some ' : . ’ , 
a If ue a ¥ = a hl r ‘] or using uninsulated solid copper lead wire. Wire is to be 
ede ; wougn ni 5 1¢ ) . . 
cases plating is not needed in the eg ile ——— soldered to the component first. Component is rated at 


will bridge the opposite faces of the board through the 34 amps at 160 F. A maximum of 6-lb pull on the 
clearance. text continued, next page 


ponent is to be connected to a cup terminal } in. away, 
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assembly is expected. Choose wire diameter, design both 
terminals, select the proper soldering alloys, suggest suitable 
soldering procedures. 


9-step solution: 
1 .. Sketch the connection (see below). 


2..Establish process limitations. 

Solder sequence: The short distance between the two 
joints calls for two solders with a large melting-point 
difference (similar to “piggy back” soldering). Otherwise 
heat will be conducted from one end of the wire to the 
other during the second soldering operation, and melt 
the solder from the first operation. 

An alternate method is to clip a heat sink on the con- 
ductor between the terminals. However, the wire here is 
short and the heat sink would be in the way, perhaps rob- 
bing heat from the soldering area and slowing down the 
operation. 

Thermal shock: Component is glass, and uniform pre- 
heating is advisable to permit the use of higher temperature 
soldering alloys. 


3..Pick conductor size. Number 26 AWG solid wire 
has a current rating of 3.7 amps at 158 F. Tensile strength 
is 8 Ib. Note: Table II is for insulated wire, but values 
for uninsulated wire will not differ much (answers will be 
conservative). No. 26 wire is 0.0159 in. diameter. 

4.. Select the solder. 

For the ceramic: A thin fired-silver film on glass might 
be porous, or leave unwetted areas on the glass. Therefore 
use a soldering alloy able to wet glass. (Indium-containing 
alloys are reasonably suitable. ‘They tend to penetrate 
through the porous silver, wetting the glass further.) Sce 
Table III for this final choice: 90 In-10 Ag (Ref # 9). 
It is expensive but has the needed special properties: good 
wetting, high melting temp, and 10% silver content which 
helps keep the fired silver from dissolving in the solder. 

For the cup: 60 Sn-40 Pb (Ref # 4) is common and 
suitable. Melting temperature is 370 F. It can be soldered 
at a max temp less than the 448 F for the other terminal, 
and will not disturb it. A pre-tinned and solder-filled cup 
and a pre-tinned and pre-fluxed lead wire will ease assembly. 
Other tips: Heat the cup no higher than 450 F, and insert 
the wire into the molten solder, making sure it bottoms. 
Then remove the heat source. (A preset resistance-iron 
cycle or a thermally controlled iron will do the heating.) 

5 .. Look up resistivity ratio (Table III). For 90 In—10 
Ag, resistivity is 7.8 microhm/cm and 8 = 4.5 (with cop- 
per conductor). For 60 Sn—40 Pb, resistivity is 15.0 and 
o = 6.75. 

6..Calculate joint dimensions. Two equations control 
the design: For the silver surface (round-to-flat lap con- 
nection), L, = (*/4) 8D, = (#/4) 4.5 x 0.0159 = 
0.056 in. (Note: (D,/D.) < 1/4, therefore use round- 
to-flat rather than round-to-round equation.) 

For the cup terminal, L, = (1/4)(8 — 1) D, = 0.032 
in. (Neither of these dimensions includes the safety 
factor. ) 
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7 ..Safety factor. Add about 50% to areca of contact. 
Thus, 0.056 becomes 0.080; and 0.032 becomes 0.050. 


8 .. Design the Joint. For the fired-silver land: make it 
a band around the whole glass circumference (assumes the 
axial width is smaller than the calculated joint length. 
The wire can be soldered around the circumference. ) 

For the cup: ID should be 3 to 5 mils larger than the 
wire size. Total length of the wire is + in. + 0.08 + 
0.05 = 0.38 in. 


9... Check mechanical strength. 

For the fired-silver joint: Assume forces are in shear 
(the normal case in this type of assembly). ‘Then: shear 
force = unit stress x solder area, As. As = L,D, = 0.08 x 
0.0159 = about 0.0013 sq in.; shear force is 6 Ib (given); 
therefore shear stress is 6/0.0013 = 4610 psi, which far 
exceeds the 1600-psi limit for 90 In—10 Ag in the Table III. 
Therefore increase L, about three times—to 4 in., giving 
a good electrical margin of safety. Wire length now be- 
comes $ + 4 + 0.05 = 0.55 in. Make sure land on com- 
ponent is adequate for }-in. joint length. 

For the cup: Strength in shear is important again, and 
As = 0.05 x D, = about 0.0025 sq in. Stress is 6/0.0025 
or 2400 psi—which is less than the 5600 psi allowed for 
60 Sn-40 Pb solder. Cup dimensions therefore are okay. 


For REPRINY of above article, just check 610 on one of the 
Reader Service cards found in this issue. 


EDITOR’S NOTE: The electrical connection—how to 
choose it and apply it—has been a frequent topic in these 
pages. Here are a few past articles: 


Reliable Electrical Connections, Feb 2 ‘59, p 54—An 
on-the-spot report of an Electronic Industries Association 
Reliability Symposium. Here, solder, crimp, weld and other 
connection techniques are aired. 


Choose the Right Electrical Connection, Dec 7 '59, p 71— 
Comprehensive survey of all known permanent and sepa- 
rable electrical connections with an easy-to-use selection 
table based on performance. There are sketches and data 
on 18 permanent and 13 separable types. 


Soldered joints and connections have been given special 
treatment by the author of this article in his previous two 
articles: 

The Right Soft Solder, Mar 6 ’61, p 39—28 different 
solders are compared, and all important design criteria 
are discussed: matching solder to base metal; corrosion; 
strength; thermal expansion; electromotive potential; 
metaliurgy intermetallics; and soldering techniques. 

The Right Solder Flux, June 13 ’60, p 43—The mechanism 
of solder-joint formation is described in detail, so that a 
joint can be properly engineered and evaluated. Covered 
are general fluxes, special electrical-joint fluxes. 


A common use for solders is in automatic manufacture 
of printed circuits. Here is a recent roundup on that topic: 
Printed Circuits, April 3 61, p 42—Military requirements 
are explained and put in terms of industrial requirements. 
This comprehensive article covers all phases of printed 
circuitry from board laminations to component mounting. 
—Frank Yeaple 
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THE DEFLASHER and a dust-collection unit, 
which cleans the shot particles, are housed in 
an insulated vapor-tight enclosure. An auxiliary 
refrigeration system keeps the enclosure at 
0 to —10 F. In operation a 2-cu ft load is 
dumped into the work chamber, and liquid CO 
is sprayed through nozzles to freeze the flash 
on the parts (not the parts themselves). The 
slat conveyor is started and shot is hurled 
against the parts, fracturing and removing the 
frozen flash without damage to the soft un- 
frozen parts. The conveyor keeps the load 
tumbling constantly so that all parts and all 
surfaces of each part are soon brought to the 
top of the mass. 


SHOT IS HURLED by an 8-bladed wheel. It 
centrifugally slings the particles in a controlled 
pattern across the width of the deflashing 
chamber. When struck by shot, the frozen 


flash breaks away—without damage to the parts, 


which themselves remain soft. 

The shot-slinger is fed through its center 
where a control-cage opening determines the 
point at which the particles will leave the 
wheel. On leaving, they are picked up by a 
blade of the rotating wheel. Centrifugal force 
slides the shot along the blade until it leaves 
the tip with sufficient velocity to fracture flash 
upon impact. The slinger handles 350 lb of 
shot per minute (approximately 1200 million 
particles with a nominal size of 0.011 in.). 


PS ... The machine removes controlled flash that is 
not over 0.0025 in. thick from organic compounds 
and some silicones. Parts can be deflashed as long 
as flash thickness is 0.005 in. or less and wall of 
the part is at least 0.015 in. thick. Rubber Deflash- 
ing Machine is produced by Wheelbrator Corp, 
Mishawaka, Ind. 


Slat 
conveyor 


Controlled 
freezing trims 


molded rubber 


Flash is frozen, then removed from the 
rubber parts by centrifugally slung shot. 
Tumbling the parts on a slat conveyor 
reduces cycle time. 


Shot Refrigeration 
7 eeauias system 


: Zé 


Shot slinger 


CO, nozzles 


/nsulated 
enclosure 





It's a 


pushbutton to safety 


Aerial tower is programmed to set an astronaut 
safely on ground in an emergency. 

Pressing single button in the 

rescue cab swings it to ground automatically. 


HANDLING OF CAB for normal operation is by Cob ae 

three sets of pushbuttons which control sole- emergency 

noid-operated valves. These valves actuate button 

hydraulic cylinders which move the upper and 

lower booms and rotate the mast. Safety Upper Turntable 

switches with feeler extensions are mounted boom down right ¢ e 

on the lower edge of the cab to prevent it from solenoid solenord Deadman = (ndicator _ 

damaging the capsule or its booster. In addi- ] light a | 

tion, a deadman switch must be depressed 

before the platform may be moved. Duplicate 124 input +O" $- 

controls on the ground can operate the tower 

and override platform controls. é ws : ein gar st hae Se ae NLS 
In rescue operation, pressing the cab emer- 

gency button activates three relays. The dead- 

man relay (1) bypasses this circuit to permit 

operation without the deadman button de- ® 

pressed. The turntable relay (2) actuates the 

“turntable right” solenoid to rotate the tower. 

The upper boom relay (3) actuates the “upper 

boom down” solenoid to lower the boom. 

Limit switches in the turntable and upper boom 

circuits halt the tower at the preselected po- 

sition. No circuit is required for the lower 

boom, which is held stationary during emer- / 

gency operation sequence. 





















































Termina/s to 
remote contro/ 














= ~ Limit switch, 
Limit switch on turntable 
upper boom 


V1 PS .. . Aerial tower is used in 
TRUCK-MOUNTED BOOM has max / . Project Mercury. After erection gantry 
reach of 66.5 ft, can raise rescue cab ‘\ | is withdrawn, tower cab is positioned 
109 ft, and can traverse 180° while ele- next to the capsule hatch until 1 minute 
, : F before blast-off. Should an emergency 
vated. Outriggers on the truck provide 5 arise during this period the astronaut 
a wider base for increased stability. Bi of can blow the capsule hatch away, climb 
The hydraulically operated tower \ S ee into the cab, depress one button and 
booms incorporate a cable-connected : \T . be lowered to the ground. Hi-Ranger 
parallel-arm linkage to keep the cab . 7 l] has a 6 x 8 ft enclosed cab that can 
level. Hydraulic pumps are driven by i support 1200 Ib, is produced by ~ os 
truck engine through a power takeoff Aerial Towers Inc, Fort Wayne, Ind. 
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Measures specific gravity 
on the run 


Instantaneous weighing 
of fixed volume of fluid 
is used to 

determine specific gravity 
of flowing liquid. 


Bellows 
flexible connection 


* 


Centerline 
pivot cross springs 





PRODUCT DESIGNS 
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pot 


weight 


DENSITOMETER WEIGHS a fixed 
volume of fluid, at any given instant, 
with the pneumatic force-balance cell. 
The cell senses the moment of the 
U-tube about a _ cross-spring pivot 
whose centerline passes through the 
flexible bellows. To adjust the range 
of the output, the force-balance cell is 
moved toward the pivot to increase 
sensitivity (decrease range) and away 
from the pivot to decrease sensitivity 
(increase range). The cell used is a 
non-bleed null-seeking unit which re- 
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Pneumatic sagas 
forcebalance ce// 


quires only + 0.001 deflection to pro- 
duce the desired rate of response. 
Response may be increased by provid- 
ing a small bleed. Tare weight of the 
U-tube as well as the effect of bellows 
is eliminated from the output signal 
by the adjustable counterbalance. 

The cross-spring pivots and bellows 
cancel all pressure and fiow forces. 
The adjustable pivots also permit the 
U-tube to flex with a minimum of hy- 
steresis or lag in response. 


”/ 
4 / 
Counterbalance / 








PS .. . Densitometer is adjustable for a 
wide range of specific gravity measure- 
ments. Installed as a bypass, one unit 
can be used for several pipelines. Ac- 
curacy is within plus or minus 1% with 
fluid pressure up to 150 psi and temper- 
ature to 300 F. Actuating-cir require- 
ments are 0.1 cfm with air supply from 
15 to 400 psi. The B-K Liquid Densitom- 
eter, portable and self-contained, is 
poduced by Bell Corp, Odessa, Tex. 
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Forging 


ALL THREE CAST STEELS show improvement when 
press-forged. The AMS 5363, an 18 Cr-8 Ni stainless, 


press -forging tor 


reduction, % 





10 


) 


gives best response—its yield strength is increased up 
to 600% and its ultimate strength up to 250%. 


HIGHER STRENGTH STEEL CASTINGS 


The hybrid process—casting followed by forging— 


improves strength and reliability. Data on this technique 


show how to apply it to existing production parts. 


J TBERRY and T WATMOUGH, research metallurgists 


Armour Research Foundation 


The two-stage forged-casting technique, developed at 
Armour Research Foundation for light-alloy castings, 
has now been extended to strengthening steel. By press- 
forging the steel castings in semi-open dies, their strength 
becomes greater than by either method alone. At the 
same time, the hybrid process retains most of casting’s 
advantages—low cost, nondirectional properties and com- 
paratively short lead time. 

The pressing can be used to strengthen entire parts 
or can be limited to critical areas. Also, the hybrid tech- 
nique extends the advantages of forgings to complex 
steel shapes: deep thin flanges can be cast, then pressed 
to the required dimensions. 

This article’s ground rules for the process are based 
on data from a test program sponsored by Air Materiel 
Command's Manufacturing and Materials Technology Div. 
The program starts with forging-tests on cast bars and 
carries the working through to production parts. 

Key to the low forging costs and short lead time is forg 
ing with dies that have been cast to shape. They are 
cast in graphite or silica molds bonded with bentonite clay 


68 


and have sufficient accuracy as-cast for the forging contour. 
(Such cast dies also promise broader applications for all 
types of forgings, especially for short production runs.) 

Tooling costs are even lower if the part can be forged 
by open or semi-open dies similar to those used in the 
Armour program. Closed dies, however, give better con- 
trol of finished dimensions and ensure uniform reductions 
in all areas of the casting. But the closed dies must be 
sufficiently strong and massive to resist the high multiaxial 
stresses imposed during cold-pressing the steel. Some early 
attempts to press with as-cast closed dies failed because 
the dies were not strong enough. Closed-die forging for 
light-metal castings is easier because forging pressure is 
lower. 

Basically, the process work-hardens cast metals by com- 
pressive deformations at temperatures under 1000 F; some 
materials respond best to subzero temperatures. This 
contrasts with the normal forging temperatures, above 
2000 F,, for wrought steels. Essentially, the method works 
the cast steel in one of two stages: at elevated temperature 
while it is still austenite (such as Ausforming); or near room 
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trunnion strut 


Center Large Center Large 


end er nd j end 


CHOSEN FOR ARMOUR TESTS was this production part, an engine-mount 
(AMS 5363). Sketch shows results of 30% reduction; in each 


pair of dimensions, upper value is as-cast, lower value is after forging. Bar 
charts show improvement in breaking strength of the strut and in tensile 
strength of specimens cut from the part. 


temperature after the metal has been transformed into 
martensite (marten-forming). 


The cast alloys 


Though the process is capable of working any low-car- 
bon alloy steel, data presented here are limited to the 
following three steels in the test program. 

AMS 5363 has the largest gain in strength from working 
at subzero temperatures. Press-forging at —100 F (sec 
charts) increases yield strength up to 600% and ultimate 
strength up to 250%. Ductility is reduced but final elon 
gation (about 9% on test bars) is usually adequate. 

This normally austenitic steel does not harden by heat 
treatment, but press-forging at subzero temperature trans 
forms sufficient material to martensite to give the drastic 
improvements in strength. In general, the steels in this 
group with higher carbon (0.09%) show better strength 
improvement but also have less ductility than the steels 


with lower carbon (0.03%). 

The 17-4 PH has increased mechanical strength with 
relatively small amounts of forging reduction. Forging 
at room temperature, where the structure is predominant]; 
martensitic, gives 10% increase in both tensile ultimate 
and yield strength, with about 'J% reduction. This in 
crease in ultimate strength can be approached by press-forg 
ing at 450 F while the steel is austenitic, but resulting 
ductility is higher and yield strength is lower. Cold-working 
lowers the aging temperature for optimum combination 
of strength and ductility. 

SAE 4340, a medium-carbon alloy steel, is difficult to 
forge because the metal transforms during working at 
temperatures of 1000 F, and at lower temperatures it can 
not be forged because it is too brittle to work without 
cracking. There is some improvement in strength from 
forging at 1000 F, but similar increases can be obtained 
by modifying the heat treatment 


An example 


The production part shown here is a trunnion strut of 
AMS 5363 currently made by forging. Dimensions of the 
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blank were modified to allow for change in shape during 
forging. In general, when a part is pressed, its height de- 


creases, and length and width increase. Exterior radii 
become larger and interior fillets become smaller. 

The sketch of the part gives dimensions for both the 
cast blank and after a 30% forging reduction. Although 
the web shows a reduction greater than this, the average 
reduction, including the flange, is 30%. 

lhe accompanying bar graphs compare mechanical prop 
erties of full-size production parts made by casting, forg 
ing and the hybrid technique. Note that press-forging 
improved breaking strength of the part, as well as ultimate 
and yield strengths of test bars cut from three places on 
the part. Strength gain for the part was smaller than the 
increase obtained on the test bars 

(he same production part in 17-4 PH also had me 
chanical-property improvements over castings and forgings. 
However, forged castings of this steel are notch-sensitive 
to minor defects at or near the surface. This makes the 
17-4 PH difficult to work unless these casting defects can 
be removed by such processes as melting and casting under 


vacuum. 


EDITOR’S NOTE: For more information on design tech- 
niques to ensure reliability in high-strength parts see: 

Quicker Diagrams Analyze Steel Fatigue, Feb 13 ’61, p 54 

An often overlooked shortcut, this approximate diagram 
saves many hours of fatigue tests. 

New Magnetic Test Includes Stainless Steels, Feb 6 ’61 
p 41—It shows up defects that older techniques miss—even 
in stainless steels that are normally nonmagnetic. 

The High-Strength Steels—What They Offer, Jan 23 ’61, 
p 54—Up-to-date comparison of other steels with newer 
compositions, and how to choose among these materials. 

Allowable Stresses in Flash-welded Joints, Oct 31 ’60, 
p 39—How to correlate fatigue data with magnetic inspec- 
tion to determine practical stress values for design 


Also see our 64-p booklet—“Design with Steels.” This 
comprehensive report includes 17 articles giving latest de- 
sign data on a wide range of steels for high strength and 
high temperatures. Booklet is available for $2 from our 
Reader Service Dept, Product Engineering, 330 W 42 St, 
New York 36 —Herbert Kee 
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how good are 


SOLID-FILM LUBRICANTS 


EXTREME ENVIRONMENTS? 


Continuing research programs are aimed at finding a lub- 
ricant for 1000 to 2000 F and for high-vacuum 
service. Here are the results so far available. 


B D McCONNELL 


Fluids and Lubricants Branch 
Nonmetallic Materials Lab 

Materials Central 

Aeronautical Systems Div 
Wright-Patterson Air Force Base, Ohio 


SS plid-film lubricants are now widely used in slow-sliding 
bearings operating under loads of 2000 to 80,000 psi with 
ambient temperatures of 450-500 F. Of course, greases 
and oils will operate satisfactorily under these conditions; 
however, the solid films offer a considerable advantage— 
lubrication for the life of the part. 

A second possible advantage hinges on a solid film’s 
hoped-for ability to operate in extreme temperature 
environments and under vacuum. There is considerable 
promise for such applications, as evidenced by the test 
results given in this article. 

First, a quick review of current status. Commercially 
available solid-film lubricants are composed of a friction- 
reducing pigment; a bonding agent which is, in most cases, 
an organic adhesive; and a thinning solvent, to give the 
proper consistency for application. This mixture is applied 
by brushing, dipping or spraying to a metallic bearing sur- 
face which has been pretreated in some fashion to increase 
the adhesive bond between the metal and film. Of the 
above three methods of application, spraying is used almost 
exclusively because of the better control of uniformity in 
film thickness. 

There are 10 or 12 major commercial vendors for 
these films. The relative merits of one film over those of 
another depend not only on the vendor to whom you're 
talking, but also on the pigments selected, the binders 
used, the ratio of the two to each other, etc. Many com- 
peting films are very similar in composition. 

The lubricating pigments in these films are almost 
entirely graphite and molybdenum disulfide, Some films 
are composed of one or the other of these pigments, others 
contain a mixture of the two. For a mixture, the practice 
has been to use approximately 80 to 90% molybdenum 
disulfide and the remainder graphite. The contribution 
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made by this small percentage of graphite has not been 
fully explained, but its effectiveness has been demonstrated 
in bench evaluation and service application. 

Bonding agents consist primarily of organic resins and 
inorganic adhesives. Organic resins are of the phenolic and 
epoxy resin types. Epoxy compositions are preferred over 
the phenolic; however, mixtures of the two have sometimes 
been used. Organic resins won’t work above 450 F; at this 
temperature thermal degradation begins and wear life falls 
off rapidly with increasing temperature. 

Operating temperature of these films is extended with 
an inorganic binder such as a metal matrix composition or 
ceramic. The top temperature is primarily limited by oxida- 
tion of the pigment itself. Molybdenum disulfide suffers 
severe oxidation at temperatures above 750 F, while 
graphite is stable to approximately 1000 F but fails be- 
cause of loss of absorbed water. 

Surface pretreatment is almost as important as the film 
composition. For ferrous metals, the treatments include 
vapor and grit blasting, iron and manganese phosphating. 
Grit and vapor blast are purely mechanical working of 
the metal surface to create a roughened area. This allows 
the binder material more surface area contact, which in- 
creases adhesion. 

Phosphate treatment shows greatest influence in increas- 
ing wear life, but is limited to metallic substrates of iron 
and steel. The phosphating procedure requires special 
care in application. Lack of rigid control of the bath condi- 
tions is believed to be one of the main reasons for the 
wide variance of wear life from batch to batch—sometimes 
even within a batch. Temperature must be controlled 
within 5 to 6 deg F of the optimum temperature to ensure 
proper crystal deposition. 

Another deficiency in the phosphate pretreatment is its 
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temperature limitation. As shown in Fig 1, the cross-over 
point for phosphated and nonphosphated surface pretreat- 
ments is about 600 F. It appears, therefore, that since 
phosphating is unsatisfactory above 600 F, mechanical 
working of the surface as with grit or vapor blast will be 
needed, or a better high-temperature pretreatment de- 
veloped for these temperatures. 


Sneed and load vs wear 

To determine effects of speed and load on wear life of 
films we used a tester with rub shoe and rotating test cup 
(Fig 2). Tests were conducted at a constant temperature 
of 250 F, representing a mean temperature between 
ambient and the upper limit for these films. There is a 
definite peak life at 120 fpm for either load. 


At 1000 F and beyond 

In an effort to find a lubricant for over 1000 F a survey 
of over 22,000 compounds has been conducted by Midwest 
Research Inst under contract to this laboratory. This list 
was reduced to 16 films having the necessarily high melting 
point, hardness not greater than 4.0 on Moh’s scale, good 
oxidation stability in air and reasonable friction characteris- 
tics. 

To date the most promising film developed for operation 
at 1000 F is a lead sulphide (PbS) pigment bonded with 
boric oxide (B,O,). Wear life for this film is outstanding 
at 1000 F (Table I) but suffers at the lower temperatures 
where friction also goes up. Other tests indicate that the 
binder in such a composition is influencing lubricity and 
wear life much more than originally considered. Various 
other pigments were tried with B.O,, but the results were 
not as good as with PbS and in many cases the coefficient 
of friction and wear-rate were high. 

Performance of the PbS-B.O, films at 1000 F has 
prompted the current effort to improve wear life at room 
temperature. Additions of graphite to the film produced 
very little improvement in the film performance at any 
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2..TWO RUB SHOES, DIAMETRICALLY OPPOSED, char- 
acterize the Hohman A-6 tester. It can test at speeds from 
50 to 800 rpm. The environmental test chamber permits 
temperature control to 1500 F, pressures above and below 
ambient as well as corrosive contaminants. Curves show 
wear life of resin-bonded films at 250 F. 
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1..SOLID-FILM LUBRICANT is a commercially available 
metal-matrix bonded molybdenum disulphide. At room 
temperature, films on a phosphate-pretreated bearing have 
operated well over 100,000 cycles under same conditions. 


I—WEAR LIFE OF PbS FILMS BONDED WITH B.0O, 





Coefficient 
of Friction 


Wear Life, 
revolutions 


L:B Ratio Temperature, Load, 
(by wt) "e Ib 


6:1 1000 100 
6:1 1000 100 35,000 0.12 

15:1 1000 100 19,300 0.15 

9:1 100 118 500 0.28 

9:1 1000 100 47 ,600 0.08-0.14 
9:1 100 100 Failed on 

loading 

Failed on 

loading 





26,100 0.06-0.15 


15:1 500 100 














SOLID-FILM 
LUBRICANTS 


1I—WEAR LIFE OF Pbs-MoS, AND PbS-GRAPHITE FILMS 





Continued 


Film Composition 


Wear Life, Coefficient 
revolutions of Friction 


L:B 
(by weight) 


Temperature, Load, 
°F Ib 





(75%) 
(75%} 


(82%) 


(33%) 





PbS-Graphite-B.Os. . 
PbS-Graphite-B.O;. . 
PbS-Graphite-B,O;. ; 
PbS-MoS,-B.O0;. sés 
(25%) 
PbS-MoS,-B.O0;. Tr 
(25%) 
PbS-MoS,-B.O;. . 
(18%) 
PbS-MoS.,-B.O; nie ee 
(67%) 


0.15-0.27 
0.27 


200 
1540 
340 
100,000 


100 
100 
100 
100 


7:1 1000 
1 100 
1 750 
1 


120 0.03-0.06 


7: 
7: 
8: 
8: 


1 1000 100 2500 0.11 


11:1 1000 100 2000 0.04-0.18 


100 


700 20,000 


100 4000 





1000 





II—WEAR LIFE OF SOLID FILMS IN VACUUM 





Lubricant 








Temperature, Load, Speed, 
* I 


Wear Life, Coefficient Pressure, 


rpm __ revolutions of Friction 








150 
150 
150 
150 
375 
375 
375 


0.05 
0.04 


25,600 
240 
540 

36,300 

1,700 
3,200 
20,700 


120 
215 
215 

70 
215 
215 
215 


100 
100 
100 
100 
100 
100 
100 


0.08 
0.04 
0.06 
0.04 


575 215 100 900 


760 215 100 700 


760 120 100 800 








temperature (Table 2). Molybdenum disulphide gave an 
outstanding improvement in the wear life at room tempera- 
ture but had a detrimental effect at high temperature. 
Best results to date have been films with a lubricant mix- 
ture of 67% MoS, and 33% PbS. 

Effect of polishing and liquid-honing the races has also 
been studied. Preliminary results indicate substantial im- 
provement in wear life is obtained at 700 F when a film 
of PbS-MoS.-B.O; is bonded on a liquid-honed substrate. 

Precoating the races with B,O, before applying the 
lubricant film had no significant effect on steel but was 
found to be essential for titanium races. Films of MoS,-B,O, 
on titanium failed upon loading with no precoating, but 
had an average life of 45,000 revolutions at room tempera- 
ture with a B,O, precoating. 


Vacuum properties 


Four films with considerable wear-life data in air were 
chosen for the initial comparative wear-life studies in 
vacuum. Table 3 shows the test conditions and wear-life 
results. The first three lubricants show wear lives that are 
one-tenth their average values in air. These are graphite 
films and the drastic reduction in wear life of the film may 
be caused by the behavior of graphite in an atmosphere in 
which the partial pressure of water vapor is very low. The 
wear life of MoS, bonded with B,O, is comparable to 
those obtained in air. 


72 


The three-component system of PbS, MoS. and B.O 
has been tested in vacuum. Various combinations were 
tested at 400, 700 and 1000 F. Films with the greatest 
ratio of either PbS or MoS, yielded low wear lives at all 
temperatures. The best wear-life results to date in vacuum 
(10° mm Hg) were obtained with the film ratio of 13:1 3:2. 
It ran 2000 revolutions at 1000 F, 20,000 at 700 and over 
200,000 at 400 F. 


Where we’re going 

The requirement for lubrication at 1000 F has now been 
pushed up into the range of 1500 to 2000 F. At these 
temperatures present substrate metals will approach their 
limit in strength and oxidative stability. Present solid 
films will no longer operate and new pigments as well as 
bonding agents will have to be developed. New exotic bear- 
ing materials will have to be developed and made compati- 
ble with lubricating systems. New concepts in lubrication 
will be derived. Perhaps the so-called dry lubrication meth- 
ods will prove to be effective at these temperatures. 

A vacuum wear-tester, very similar to the one described 
earlier, is now being constructed with temperature capabili- 
ties above 1500 F. Compounds with melting points and 
thermal stability above this temperature are being screened 
for possible lubricating pigments. New bonding techniques 
are being investigated. A program recently started at South 
west Research Institute is investigating lubrication and 
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bearing design for operation at 2000 F. Some of the com- 
pounds of beryllium, columbium, and other exotic metals Lubricant specimen 

: being investigated : 5, Smasteasy ials. Eaquip- 
are being investigated as possible bearing materials. Equip Lastling isgments 
ment has been designed to provide friction and wear studies > 


at 2000 F. 


EDITOR’S NOTE: For additional information on solid lu- 
bricants and other articles on wear and lubrication: Loading rod 
Bonded Coatings Lubricate Metal Parts, Sep 5 ’60, p 48— 
Gives comparison chart and performance ratings of com- 
mercially available solid-film lubricants. Also includes 
recommendations for pretreatments, advantages and limi- 
tations of solid films. 
New Developments in Bearing and Gear Lubrication, May 
15 ’61, p 98—New equations, design charts and perform- 
ance data presented at 1961 annual ASLE meeting. 
Oil-mist Lubrication for Air Bearings, Aug 29 ’60, p 54— 
New technique prevents galling and seizure during starts 
and stops in step-bearings lubricated by air. 


Vacuum 


wee sae eae 


Abrasive Contamination of Precision Mechanical Devices, 
Aug 15 ’60, p 51—Latest tests with polarized light show how 
abrasive machining can contaminate surfaces that must 
slide and roll together. Two cleaning procedures are given 
for solving the problem. 


Motor drive 


Latest Design Requirements for Bearings and Lubricants, 
May 23 ’60, p 56—Staff report summarizes key design equa- 
tions, charts, and concepts presented at 1960 annual ASLE 
meeting. 

How to Predict Wear Life of Rolling Surfaces, May 9 
60, p 44—New load-stress K-factors for various material 
and hardness combinations simplify life-expectancy calcu- 
lations for gears, cams, bearings, clutches and links. 3..VACUUM WEAR-TESTER will operate at 10° 

’ : . . . mm Hg, test specimen temperatures up to 1000 F, 

When to Specify Centralized Lubrication, May 2 °60, loads to 80,000 psi and speeds to 200 fpm. Total revo- 
At Pardeanes agen 5 basic systems we gotects s br vga lutions are recorded by cam-operated microswitch. 
por edie negpsthon neyo methods are preferable to Torque is transmitted to a pair of symmetrically 

— a mounted proof rings. One ring has a differential 

Press-fit Test Picks Solid Lubricants for Extreme Pres- transformer to detect strain. Signal is amplified and 
sures, June 22 ’59, p 64—A simple way to find the coeffi- recorded directly in terms of frictional torque. Load 
cient of friction when surfaces slide at high loads and low is transmitted to rub shoes by two loading rods 
velocities. —Richard M Koff through O-ring seals. 


Jorque sensor 








Now available, a combined reprint on 
ROLLING-ELEMENT BEARINGS 


Ball, roller and thrust bearing types, seals and shields tests, lubricants and 
causes of failures, The following articles are combined in a single 64-page 
booklet: 


. Today’s Ball Bearings 

. Your Guide to Roller and Thrust Bearings 

. Integral Ball Bearings—New Approach to Product Improvement 
. Sealed Ball Bearings—Which Type? 

. How to Measure Preload and Play in Ball Bearings 

. These Methods Test Performance of Ball Bearings 

. Guide to Lubricants for Instrument Ball Bearings 

. Why Bearings Fail 


Copies of this combined reprint are available at $2 each, including postage. Send order with 
remittance to: Reader Service Dept, Product Engineering, 330 W 42nd St, New York 36. 
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OFF-THE-SHELF FILING DEVICES 
drawn from the catalog of 
Goldsmith Bros in New York City 


HOW TO 
FILE iT— 


EFFICIENTLY 


A filing system should give what you want when you need it, 
and save more time than it takes to run it. Here’s a method for designing 
a system for any need, from a simple reminder to a library. 


ROBERT W CARSON 


Managing editor 


YW ou take pride in your memory and make excuses for its 
failures—just as we all do. And because memory is fallible, 
we all use mechanical aids—filing systems to reinforce 
memory. But a common mistake in setting up a filing sys- 
tem is to ask it to replace memory, Then we end up spend- 
ing more time than it’s worth just in keeping the system 
working. The problem is to find the right filing system to 
provide the memory assistance needed with minimum 
effort, space and cost. Here is an orderly method. 

lor each filing problem determine: content, order, access 
time, and final disposition—in that sequence. Then follow 





WHAT TO SPECIFY 
FOR A FILING DEVICE 

. Size of card or sheet—depends on the amount of 
copy or number of items, and whether entries are 
typed or handwritten. 

- Number of cards, sheets or catalogs—both at the 
start, and maximum. 

. Accessibility—must contents of the file be fully or 
partly visible, or within easy reach; must items be 
removed readily from the file, or retained perma- 
nently? 

. Frequency of use—durability of equipment; justi- 
fication for powered operation. 

. Cost—how much time will the file save; how much 
investment can be justified? 











the brief recommendations offered here when you select 
the record form, filing method and equipment 


Content 


Is the information you want recorded a reminder, a cur- 
rent list, an index, an accumulative file, or a library? 

Reminder—a temporary notation with no permanent 
value; to be discarded as soon as used. Examples: a visitor 
waiting to see you, a phone call to return, things to do 
today, a meeting or conference coming up, a letter to 
write, deadline on a regular or special report, a coming 
anniversary, an appointment for a future date, a convention 
or show to attend. 

Current list—usually less than 25 items, often referred 
to and subject to frequent change. Examples: local tele- 
phone extensions or numbers frequently called, current 
active projects, members of a committee, list of projects in 
work. 

Index—a record of a large number of items, more or less 
permanent, but arranged in some logical order to make 
each item easy to find: military specifications, drawings for 
a project, employes in the department, completed projects, 
abstracts of articles or papers. 

Cumulative file—permanent, expandable collections of 
related items retained in some predetermined order but 
readily removed if necessary. Each item must be identified 
so it may be restored to its own unique place in the file. 
Example: copies of articles on a given topic, manufacturers 
catalogs, completed drawings on a current project, standard 
or stock components or materials, departmental instruc 
tion manual, photograph file, or minutes of a committee. 
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Library—collection of bound volumes of related items 
with a table of contents and an index for each volume: final 
reports on completed projects, tables of design constants, 
standard design procedures. 

The first step then is to identify the content that is to 
be filed. Only then are you ready to take the second step 
to establish the order. 


Order 


Arrangement of items in a file may be random, by calen- 
dar, alphabetical or numerical. Selection of the order is 
governed by the character of the content and the number 
of items. 

Random—the best method when the number of items is 
under 25 and the content of the file is subject to frequent 
change. 

Calendar—by day of week, month, month and date, or 
year. This order is obviously selected when entries are 
placed in the file, or material is drawn from the file, in 
calendar sequence. 

Alphabetical—the most flexible method, and capable of 
expansion or contraction without rearrangement of content. 
The standard 25-division alphabetical guide is good only 
for small collections (no more than 100 to 200 items, with 
random order within each alphabetical section). When 
the number of items in a single section exceeds 6 to 10, 
the group itself should be alphabetized. Add dividers or 
intermediate guides when the number in a single alpha- 
betical group exceeds 20 or 30 items. 

Numerical—may be your own “‘secret’’ code, the Dewey 
decimal system, the Library of Congress subject file, or 
something in between. A numerical system will invariably 
require a supplementary index which must be in a form 
easily changed. While attractive because of flexibility and 
unlimited degree of expansion, such a system can easily 
develop into a monster that consumes so much time there 
is none left for using the file. 


Access time 


This is the one point where most “master” filing sys- 
tems fail. If the file is to serve as a time-saving memory 
aid—and not merely as a monument to the file creator’s 
ingenuity—the access time must be established for each file 
before it is set up. Three considerations are involved: how 
often will you (1) refer to the file, (2) insert new material, 
and (3) clean it out. 

If the file must be referred to frequently, and therefore 
must be placed within easy reach and used with one hand, 
it unavoidably will occupy premium space on or in your 
desk. Better reconsider the content and order to see if you 
should trade off some size and space to gain faster access. 

If use is infrequent, determine how long you can wait 
for an answer—a minute, an hour, or a day. Decide it now 
and let this decision help determine the location. 

Must new material be inserted frequently and instantly? 
Or can additions be accumulated and made by someone 
else at less frequent intervals. Some trade-off with filing 
order may be required if frequent instant insertion is 
essential. 


Disposition 
Before any file is started, a decision should be made— 


and recorded in the file—on the procedure for cleaning it 
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out. A random file, for example, will quickly get out of 
hand unless you throw out as much as you put in. On the 
other hand, if the filed material is ageless in value (and 
little is) there is no point in starting the file at all unless 
space is available to store all the material that will even- 
tually go into it. 


Filing devices 


We have said nothing yet about record forms or equip- 
ment for the simple reason that this orderly approach to a 
file problem will write the specifications for the form and 
the filing device (see box). Any good office-supply store 
can then draw from stock the devices or equipment needed. 

Reminders include an attractive array of novelties—from 
small magnets holding memos to steel partitions, to formed 
wire gadgets, “conversation pieces,” or just scraps of paper 
in your shirt pocket or stuck to your desk shelf with 
adhesive tape. 

Random lists can be a small 3 x 5 card file, perforated 
slips in a pocket notebook, or a typewritten sheet replaced 
as often as changes accumulate. Major problem is to keep 
the investment in preparation time to a minimum. 

Index devices will range from a small 3 x 5 card file to 
a row of filing cabinets containing a million punch cards. 
Major considerations will be the number of items, the 
order and access time. The problem here is the tendency 
to get so involved in the machinery of the filing system 
that we end up buying equipment requiring unnecessary 
labor for maintenance of the file. 

Cumulative file devices are also available in a great 
variety, some quite ingenious. Again, it takes a hard- 
headed approach to be sure that the selected system is 
adaptable to the filing order needed, but involves mini- 
mum labor for locating entries, inserting and removing 
items. It takes extra labor to punch holes, and holes 
may require reinforcement for frequently used sheets. 

A plain, open file-folder permits insertions any place, 
but invites unrecorded removal. An alphabetical file re- 
quires thoughtful consideration of the total number of 
file guides needed to keep the number of items behind 
each guide within practical limits—not more than 20 to 
30—or too much time will be lost in finding or replacing 
any one piece. 

Permanent or semipermanent binders are also avail- 
able in a profusion of forms. First, determine the level 
of permanence needed; then, the maximum page size, 
number of pages and durability needed. Some of these 
binders run into considerable expense; you may want 
to trade off some permanence for lower cost. Or if only 
some pages will be used frequently, protect them with 
plastic covers or have the pages laminated. And watch 
the weight of binders that must be used frequently; a 
light-metal back may be a better answer than a heavy 
fabric or plastic-coated board. 


EDITOR’S NOTE: These earlier articles offer systems for 
cumulative files that avoid alphabetical arrangement of 
material. 

Indexing Device Solves Filing Problems, June 16 ’61, p 48 
—Sight-through holes in home-made punch cards offer a 
desktop version of a library retrieval system good for 
40,000 documents. 

A System for Your Personal File, Apr 6 ‘59, p 43—An 
indexing aid for a special numerical system for filing 1000 
or more catalogs. 





.. THREE SIMPLE STEPS...AND WHY TO TAKE 


ae 


.. TEN WAYS TO BE A BAD LISTENER 


vie 


® Your mind, working at tremendous speed, can absorb 
thoughts at four or five times the rate at which a speaker 
‘elivers them. Unless you keep control, you'll hear only 
part of what’s said, and retain only part of that. Here are 
10 bad habits of poor listeners, according to Dr Ralph 
Nichols of the University of Minnesota. 

1. Calling the subject uninteresting. You think “his 
guy has a dull topic’—and your mind takes off on one of 
the mental tangents it has stored up to use when you're 
bored. Said G. K. Chesterton: “In all this world, there is 
no such thing as an uninteresting subject. There are only 
uninterested people.” Set your mind at the problem of 
why the subject is uninteresting. Is it because you don’t 
want to know about it? Because you think you know more 
than the speaker? 

2. Criticizing the delivery. “What a lousy speaker. 
Vhat’s 13 ‘Ah’s’ in 10 minutes.” And again your mind 
takes off. From your standpoint you’re wasting your time. 
But you can’t leave anyway, so try to fight past the delivery 
to the message. Make use of your time. “What can’t be 
cured must be endured’’—so endure profitably. 

3. Becoming overstimulated. You disagree with the 
speaker and plan what you'll say in rebuttal, or, more 
likely, what you'll tell your wife about him. Hear the man 
out before you judge him; “‘withhold evaluation until com 
prehension is complete,” as one college puts it. Don’t be 
come so excited over one point that you fail to follow. 

4. Listening only for facts. Facts can only support a 
theme, or main idea. The facts are unimportant unless 
you get the message. This is the most common of bad 
habits among listeners, because it deludes you into think 
ing you have learned something. Hunt for the gist, the 
generalization. 

5. Outlining everything. Bad listeners assume that note- 
taking and outlining are synonymous: good listeners know 
they're not. The good listener makes little abstracts of 
ideas, annotates a text or outline. A good trick is to put 
the speaker’s facts on one sheet, principles on another, then 
combine them later. If there is nothing to combine, he was 
poor, you didn’t listen—or both. Try various techniques 
of note-taking to find those that fit (see part 3). 

6. Faking attention. You settle comfortably, put your 
chin in your hand, and look interested and intelligent. 
This is a common bad habit that deludes many speakers 
and teachers. You are not listening, just playing a part, 
while your mind is elsewhere. Real listening takes energy; 
your heart will beat faster, your body temperature will rise— 


76 





and remember 


and you'll be fatigued afterward, not just a little sleepy. 

7. Tolerating distractions. The bird on the lim outside, 
the moth around the light, the feedback in the speaker 
system, the departing blonde—all these are excuses your 
mind seeks to keep from working, to keep you from listen- 
ing. The next step is the distraction you create—the nail 
file, the timetable, the doodling. 

8. Evading the difficult. Never stretch your mind, if 
you want to be a bad listener. The bad listener wants no 
new experiences; he listens to the easy, recreational narra- 
tive. The good listener hunts for the tough, technical ex- 
pository talks—and trains himself while he picks up infor- 
mation. 

9. Submitting to emotional words. Don’t let your per- 
sonal and subjective thoughts deflect you. Such words as 
“automation,” “income tax,” “Truman” or “Roosevelt” 
neutralize some listeners—they get so mad they forget to 
listen. Others react to derogatory words affecting their 
personal lives: “mother-in-law,” “Red,” “landlord,” “jani- 
tor,” “clerk.” It’s the speaker’s fault, but the listener’s loss. 

10. Wasting thought power. This is the constant, basic 
danger. You think at perhaps 400 to 700 words a minute, 
the speaker talks at 125, slows to 100 for emphasis. So 
three-fourths of your thinking capacity can be elsewhere. 
If it is, the other quarter will go with it. Net result: no 
recollection, 

Ihese 10 points have an obvious message for speakers 
as well. Watch out for them when you're doing the talk- 
ing, and the way to make sure you will is to practice them 
when you're listening. 

Basically, there are two kinds of listening, casual and 
active. The first is good enough for friendly chit-chat; 
your mind can wander widely during conversation and you 
can still keep track of the direction; usual development 
pace is slow. But beware of listening casually to a lecture, 
a speech, or the boss’ remarks. They may sound casual, but 
are likely not to be. Cultivate, for these occasions, a desire 
to listen, an open mind, an ability to concentrate. Then 
you'll be alert to the essential ideas and the related ideas 
that round them out. And you'd better take notes. One 
of the hardest jobs is to convince yourself to make notes 
because your mind will insist, “I'll remember.” Then it 
lets you down. & 


Next week: Note taking—how and why. 


Editor's Note: This series, when completed, will be available as a free 
reprint. Simply circle 608 on the Reader’s Service Card in this issue to 
reserve a copy. 
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FOR BETTER GRIP... 
LONGER HOLES IN SHEETMETAL 


In steel or brass, depth of a threaded hole should be at least 


half its width, and in zine or aluminum the right ratio is 


2/3. If the metal is too thin, here’s what to do. 


FEDERICO STRASSER, Monkowitz & Strasser, Santiago, Chile 





BENT-OVER SHEET doubles depth of holes 
near edge. Sometimes one more bend, for 
triple depth, is possible. PATCH OF SHEET or plate, for a longer 
thread, serves holes away from edge; needs 
at least two rivets or welds to keep it from 
turning. Larger pieces cover group of holes. 








2 


PROJECTION-WELDING fuses lugs on nut 
(A) to sheet. Flanged nut (B) for spotwelding 
has pilot rim to locate it on hole. 4 

CLIP slips over edge of sheet, and positions on 
hole when pilot rim springs into place. Extra 
cutout next to hole allows installation away 
from edge. 














continued or 
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NEW 


Instrument Bearings 


from NEW HAMPSHIRE 


Let You Beef Up The Shaft 
Without Increasing 
Bearing O.D. 


Here are four new opportunities to design 
shaft-to-housing relationships not possible 
with other bearings. As shown in the sketches, 
thinner bearing cross sections permit extra- 
large Bore-to-O. D. ratios. 


This new series is manufactured to ABEC-5 
precision standards or better, of stainless 440C 
steel, with plastic crown retainers which ab- 
sorb lubrication. 





OUTSIDE 

BORE | DIAMETER | WIDTH onions 
+ 0000 | +.0009 | + .000} BEARING c 
0002 | —.0002 |—.001 | MUMBER | RADIUS | INNER | OUTER] NO. RATING , 


3750 .6250 .1562 | $R620T 010 457 542 81 
.5000 .7500 .1562 | SRB24T 010 587 672 95 7500 
| -6250 8750 1562 | SRIO2ZBT | .010 2 197 9% 
f 
| .7500 1.0000 .1562 | SRIZ32T | .010 837 -922 108 1. 


















































we 
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Write for full information or call in your New Hampshire Sales Engineer for application assistance. 


NEW 
HAMPSHIRE / BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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FLOATING NUT snaps into square hole and STAKED NUT fits in relieved hole. Relieving 
allows misalignment of bolt. If the thread nut makes it easier to stake. Squeeze on clinch 
strips, replacement is easy. nut forces sheet to flow under tapered rim. 
Slots in ring keep nut from turning. 











7 


TAPPED HOLE snaps into sheet and 
grips it between flange and hump. 
Screw forces prongs apart so hump 
presses even harder on sheet. Slot 
digs into side of hole to prevent turn- 
ing. Another version sits flush. 

Square-shape plastic grommet, which 
doubles as insulator, cannot turn in 
square hole. Screw must make its own 
threads in smouth grooves, as it wedges 
grommet tightly in place. 























DOUBLE-DUTY NUTS also act as rivets. Blind fastener 
(A) requires special tools; other blind fastener (C) doesn’t. 
Nut (B) bites into sheet when screw tightens down on 
neck, and bends it over. 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 
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Push-pull linear actuator .. . 
with a force of 3 Ib—or 10 times larger in 
relation to size than that of equipment 
such as solenoids—provides response to 
command signals at least 10 times faster. 
Described as a biased moving iron magnet 
in which moving element is displaced per- 
pendicularly to magnetic lines of forces. 
This permits a linear relation between 
force and both current and displacement. 
In addition to replacing solenoids, unit is 
suitable for applications such as: linear 
motions formerly obtained with a motor 
and an eccentric, high speed printing 
equipment, shaking tables, fatigue testing 
equipment, large displacement valves and 
vibration sorting equipment. Time con- 
stant is 5 millisec; stroke displacement, +s 
in.; max rated (linear range) stroke dis 
placement, + in.; and power requirement, 
approx 30 w. Priced at $55 with delivery 
in 5 wk. Block Associates, 385 Putnam 
Ave, Cambridge, Mass. 
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Flush-mounted fasteners . . . 

made of alloy steel, are for installation 
into ductile material using standard punch- 
press procedures. Fastener is installed by 
pressing large flange into ductile sheet. 
Displaced material then forms into knurled 
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undercut. Available in thread sizes from 
2-56 through 4-28 for sheet thickness of 
0.040 to 0.180 in. Two self-locking styles 
and basic flush mounted fasteners are from 
stock; types AA and AB studs delivered in 
2 wk. Stake Fastener Co, 1710 Potrero 
St, South El Monte, Calif. 

Circle 301 on Reader Service Card 


Contactors mechanically held 
in either open or closed position, eliminate 
hum usually encountered with electrically 
held contactors and are unaffected by line 
fluctuations. Low inrush currents allow 
wide flexibility in design of electrical sys- 
tems. Control circuits can be longer; 
more contactors can be put on one line; 
and control devices will give longer service 
because they handle less inrush current. 
Molded epoxy coil is used for high re- 
sistance to moisture and insulation de- 
terioration. Equipped with extended bus 
bars for installation in panels and switch- 
boards. Available in 30-, 75- and 100-amp 
sizes and rated up to 600 v ac line voltage 
noninductive loads, max lighting loads of 
277 v. Priced from $86 to $181, with de 
livery in 2 to 3 wk. Zenith Electric Co, 
Dept PE-1, 152 W Walton St, Chicago 
10. 
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Phenolic molding 

compound .. . 

is Orlon fiber-reinforced and is said to 
mold well in thin sections. Electrical prop- 
erties include arc resistance of 131 sec; 
dielectric constant of 4.15 at 1 mc im 
mersed in 73.4 F water for 24 hr; and 
dielectric strength, step by step of 318 
v/mil immersed in 122 F water for 48 hr. 
Average physical characteristics are: ten- 


sile strength, 7000 psi; flexural strength, 
10,000 psi; impact strength, 0.6 Izod, ft 
Ib/in. notch; compressive strength, 32,000 
psi; and heat distortion temp, 270 F. 
Supplied in nodular form, suitable for 
automatic preforming and molding equip- 
ment. Priced at 68¢ per lb in quantities of 
1000 Ib or over; 694¢ per Ib in 200 to 
999-lb quantities; and 77¢ per |b in under 
200-Ib quantities. Delivery in 4 wk. Rogers 
Corp, Rogers, Conn. 
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Switch actuators .. . 
allow “‘on’”’ or “off” from 0° through 350° 
—job normally accomplished by using two 
180° cams, back to back. In operation, a 
nylon wheel with deep and _ shallow 
notches engages switch roller. When front 
arm (two independently adjustable arms 
are mounted on motor shaft) engages a 
projecting pin on the nylon wheel, the 
wheel moves one station and detents with 
switch closed, remaining there until rear 
arm engages another pin on rear of wheel. 
This next movement indexes wheel 45° 
and detents with switch open. If arms are 
set back to tack, switch will be closed on 
one revolution and open on alternate revo 
lutions. One model uses heavy silver con 
tact rated at 1500 w incandescent. When 
used at speeds between 1 and 60 rpm, 
life expectancy is over 100 million opera- 
tions. Another model has snap switch 
for applications slower than 1 rpm or 
where DT switch is required. All micro 
switch ratings apply to latter, while actuator 
parts maintain life expectancy of former. 
Custom assembled with delivery within 
approx 24 hr. Bayside Timers, 43-69 
162nd St, Flushing 58, NY. 

Circle 304 on Reader Service Card 
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Rotating-bellows seal . . 
accommodates temperatures from 
800 F; 
without need of sleeves or special steps 
cut into shaft; and contains only one mo\ 
ing part. Heart of seal is a welded, stainless 


steel bellows attached to a drive collar at 
one end and a carbon retainer for the 


7 
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50 to 


is automatically pressure-balanced 


carbon seal ring at other end. Bellows core 
and its two welded fittings rotate as a sin 
gle unit. Mating ring, against which car 
bon ring runs, is stationary 


Sealol Inc, Providence, 


Accepts pres 
sures to 300 psi 
RI. 
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Magnetic timer .. . 
has a saturable circuit, eliminating vacuum 
tube failure and 
except for output contacts 


contains no moving parts 
Available with 
time ranges from 0.1 sec min to 38 sec 
max. Provides repeat accuracy of +1% 
of max time range with line voltage varia 
tion of +15%. 
cycles of ac power supply, allowing close 


Reset time is only a few 


timing intervals. One type provides time 
delay after opening and another after 
closure of initiating switch. Output con 
tacts consists of DPDT, two N.O. and 
two N.C. contacts rated at 5 amp, 115 
v ac; 5 amp, 28 v dec. Standard models 
operate with 115-v, 60-c power supplies 
Gemco Electric Co, 25685 W Eight Mile, 
Detroit 40. 
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Ratio between rotary speed... 
of cylinders on paper, textile and similar 
wet machines is computed by electronic 
sensing system that counts number of ro 


PRODUCT ENGINEERING + JUNE 12, 1961 


tations of each of two rolls and electroni 
cally computes ratio of these two quanti 
ties by a simple digital method. Ratio then 
is digitally multiplied by a single constant 
to simultaneously adjust speeds for actual, 
changing diameters of the two rolls. An- 
swer, expressed in percentage, is displayed 
in illuminated numerals within 4 sec. Op 
erates to 0.1% accuracy at all operating 
speeds anu requires no calibration. Onc 
model has max capacity of 5 channels for 
measuring 5 draws or speeds; another 
handles as many as 50 draws or speeds. 
Louis Allis Co, Dept P, 427 E Stewart 
St, Milwaukee 1. 
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Piston pumps and motors. . . 
are rated to 180 gpm and 5000 psi. Avail 
able as either pumps or motors with fixed 
or variable displacement 
at 1200 rpm with atmospheric intake and 


Pumps operate 


at 1800 rpm with supercharging, permit 
ting use of standard electric drive motors 
Pump delivery at these speeds is 120 and 
180 gpm, respectively. Max displacement 
is 23.7 cu in. per revolution and max 
With 
servo control, variable displacement pump 
can be stroked from max displacement in 
one direction to full opposite in about 4 
sec. Variable package with control and 
auxiliary pump has hp-to-weight ratio of 
about 3.2 lb per hp, based on 1200 rpm 
and 5000 psi. Vickers Inc, Div of Sperry 
Rand Corp, Detroit 32. 
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torque is 378 lb-in. per 100 psi 


Enameling steel... 

for one-coat, direct-on application, report 
edly can cut enameling costs from 15 to 
50%. Normal porcelain enameling re 
quires two coats, one an undercoat of gray 
or black. Produced by an “open coil an- 
nealing process’, the new sheet steel has 
tv the carbon content (0.003%) of ordi 
nary enameling iron and compares with 
this material in cost. Can be sharp-cor 
nered or deep-drawn before enameling and 
resists fishscaling and boiling during enam 
eling. Also can be worked into intricate 
shapes. Thickness of coat is only 3 to 4 
mils, compared with 6 to 8 mils or over 
for two-coat methods. Suitable for lumines 


cent pane! construction, and for any appli 
ance or cabinet where porcelain enamel is 
used. Available in sheet and coil in 14-26 
gage thicknesses and widths to 60 in 
wider on special order). Priced at $6.775 
per 100 Ib. Bethlehem Steel Co, Bethle- 
hem, Penna. 
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Heat-stable laminate . . . 

is fiberglass-reinforced polyester flat sheet 
stock whose properties meet or exceed 
NEMA GPO-1 specifications. Said to re 
tain 100% impact strength even after heat 
aging at 482 F and 75% perpendicular 
dielectric strength after 200 hr at 302 I 
Can be punched or sheared cold without 
breakout 
and is suitable as electrical insulation or as 


delamination, cracking or hole 


wedges and top sticks in Class B rotating 
apparatus. Available in thicknesses of Ys 
to ~ in. in standard sheet sizes of 36 x 72 
in. and 24 x 36 in. (heavy sheet stock in 
standard thicknesses of 7? to 2 in. also 
available). The zs- 
are priced at 65¢ per Ib in quantities of 
300 lb or more; 4- through @-in. thick 
nesses, 58¢ per Ib. Glastic Corp, 4321 
Glenridge Rd, Cleveland 21. 
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and #s-in. thicknesses 


Plunger-type limit switch. . . 

originally designed for aircraft use, is 
SPDT, hermetically-sealed unit with cor 
rosion-resistant material throughout, three 
potted leads and sealed plunger. Operating 
force is 6.7 Ib, 2.2 lb; release force, 3.5 
lb min; pretravel, is in. max; overtravel, 
Rated at 
and 3-amp inductive at 
Min life expectancy 
Measures 2 x } x # in 


).250 in. min; weight, 0.125 Ib 
5-amp resistive 
28 v dc, 115 v ac 
25,000 evcles 
ind is installed by two hex nuts adjustabl 
along a 48-in. threaded bushing. Haydon 

Switch Inc, Waterbury 20, Conn. 
Circle 311 on Reader Service Card 


High-speed switching relay .. . 
uses a pair of magnetically operated con 
tacts mounted in a glass tube, hermetically 
sealed in a gaseous atmosphere. Capable 
of millisec switching time and 20,000 op 
erations at 4 amp, 28 v de or 100 million 
operations at 4 amp, 28 v dc. Operates 
in temperatures from —67 to 302 F and 
withstands min vibration of 0.08 in. or 


continued on page 8&2 
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Design 
Uniform lift 
into equipment 
with 
DUFF-NORTON 
WORM GEAR 
JACKS 


Many designers find a ready answer 
to precise control of linear motion in 
machinery or equipment with built- 
in Duff-Norton Worm Gear Jacks. 


They are used singly, in tandem 
and in multiple jacking arrangements 
to position loads weighing from a few 
hundred pounds to as much as sev- 
eral hundred tons. 

When connected in tandem or 
groups of four, six or more, these 
jacks always raise or lower in exact 
unison regardless of load distribu- 
tion. They aye also used for applica- 
tion of pressure, to push or pull and 
as linear actuators. 

Duff-Norton Worm Gear Jacks are 
self-locking and will hold heavy loads 
in position indefinitely without any 
creep. Since there is no fluid or air 
to leak, the action is always positive 





and maintenance is no problem. 

These jacks are available in eight 
standard models with capacities 
ranging from 2 to 100 tons and with 
standard raises from 6 to 24 inches. 
Special raises can also be furnished. 

To learn more about how Duff- 
Norton Worm Gear Jacks may be 
used in your equipment, send for the 
bulletin which shows engineering 
drawings of jacks, Duff-Norton 
Mitre Gear Boxes and typical appli- 
cations. Ask for AD 66DD. 


DUFF-NORTON COMPANY 


Four Gateway Center - Pittsburgh 22, Pa. 


DOUFF-NORTON JACKS 


Ratchet « Screw 
Hydraulic « Worm Gear 
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DUFF-NORTON 


COFFING HOISTS 


Ratchet Lever « Air 
Hand Chain « Electric 
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20 g, 10 te 500 cps and shock of 40 g. 
Carries loads from 15 v-amp down to mi- 
croamp. Contacts are SPST or SPDT, 
normally open or biased closed, or a com- 
bination of both. From stock at $3.50 
each in quantities of 1 to 9. Airpax Elec- 
tronics Inc, Cambridge Div, Cambridge, 
Md. 

Circle 312 on Reader Service Card 


Miniature magnetic counter .. . 
is vapor-sealed to operate in extreme mois- 
ture, humidity, salt spray, sand and dust 
Adds and subtracts at 10 counts per sec 
max with a capacity of 0 to 9999. In 
operation, each time an electrical impulse 
is received, right-hand figure wheel ad 
vances 4 count. When impulse is removed, 
count is complete by means of a return 
spring drive. At each tenth impulse each 
figure wheel advances preceding wheel to 
left by one count. White figures are 0.120 
to 0.130 in. high. Operating voltage is 20 
to 29 v de; power consumption, 8.5 w at 
28 v de; and operating temperature, —65 
to 150 F. Weighs 5 oz max and has life 
expectancy of | million operations. Abrams 
Instrument Corp, Lansing, Mich. 

Circle 313 on Reader Service Card 


Resistance force transducers 
are solid-state, wafet-type units available in 
0-0.5 to 0-5000 Ib ratings. Change re- 
sistance from 500 to 26,000 ohm according 
to force ratings. Operate instruments, 
lamps, miniature motors, etc directly 
within watt rating and without need for 
amplification. Only power supply required 
is a flashlight cell or 1.6 v de regulated 
Current used is less than 5 milliamp for 
largest size and a few microamp in others. 
Higher voltage may be used with increase 
in resolution. Diameters range from 0.250 
to 1 in.; prices from $18 to $42. Clark 
Electronic Laboratories, Box 165, Palm 
Springs, Calif. 

Circle 314 on Reader Service Card 


6-ply wire-reinforced hose .. . 
withstands min burst pressure of 50,000 
psi—said to be more than twice that of 
standard types of wire-braid hose. Under 
severe high pressure testing conditions, 
hose withstood pressure of 56,000 psi 
before bursting. Suitable for —40 to 
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Magnesium parts are now being deep-drawn experi- 
mentally at high speeds with a newly-developed 
process. It uses standard mechanical presses, mod- 
erate temperatures (400°F.) and ordinary soap-type 


NEW FAST DRAW lubricants. The part illustrated below was drawn and 


ejected in 11% seconds. 

TECHNIQUE CUTS This technique cuts the cost of fabricating cylin- 
drical parts of magnesium—with its unparalleled 
combination of light weight, stiffness and strength. 


FA BRICAT! N G C0 ST Draws to a 50% reduction are made readily at normal 


production speeds with a minimum of die stages. 

0 F MAG N ES] U Mi The new technique is expected to find use for many 
drawn magnesium parts, including components of appli- 
ances and business machines. Find out what it can do 


for you. Write THE DOW METAL PRODUCTS COMPANY, 
Midland, Mich., Merchandising Dept. 1109DZ6-12. 






FROM BLANK... 






TO PART... 


DOW METAL PRODUCTS COMPANY 


Division of The Dow Chemical Company 
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200-F service, it includes an oil-resistant 
Neoprene inner tube, covered by an open 
textile braid reinforcement. Interply fric 
tion layers cover 6 plies of spirally wrapped 
heavy wire (0.022 in. dia) reinforcement. 
Synthetic rubber outer cover resists sun, 
weather, oil aad abrasions. Available from 
é to 14 in. ID. Anchor Coupling Co Inc, 
Dept PR-10, 342 N 4th St, Libertyville, 
Il. 

Circle 315 on Reader Service Card 


Electrohydraulic servovalve 
is compatible with all known hydraulic 
fluids, weighs only 2 oz and is 24 in. long 
x lye in. dia. Has in-line force feedback 
system, pressure-balanced construction and 
single nozzle ¢lesign. Capacity is 0-2 gpm 
Single nozzle ‘reduces clogging by allow 
ig particles as large as 200 micron to pass 
through. In-line force feedback reduces 
friction and assures proportional flow vs 
input signal. Pressure-balanced construc 
tion and flexible nylon seal make for low 
leakage. Sanders Associates Inc, 95 Canal 
St, Nashua, NH. 

Circle 316 on Reader Service Card 


3000-psi cuick disconnect . . . 
suitable for cramped locations, has pivot- 
ing release collar which can be operated 
with one finger or by a lanyard. Stainless 
steel coupling is self-sealing with zero leak- 
age during disconnect; full pressure and no 
exposed seals after disconnect. Tempera- 
ture rating is from —65 to 275 F. Avail 
able for tubé sizes from 4 to 4 in. 
Symetrics Inc. 3100 Airport Ave, Santa 
Monica, Calif. 

Circle 317 on Reader Service Card 


Encased photovoltaic cells . . . 
are for high cutput and application even 
under adverse atmospheric conditions. In- 
corporate selenium cell which provides 
linear output with increased illumination 
through wide «ange; high sensitivity begin 
ning at low light levels; resistance to shock 
and vibration, etc. Five models include 
tinned silver-ecased unit with glass front, 
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1} in. dia, hermetically or non-hermetically 
sealed; 2-in. electrotinned brass case model, 
filled with helium and hermetically sealed; 
two plastic-encapsulated cells, in either 
rectangular or circular shapes; and a Bake 
lite unit for use where atmospheric con 
ditions are favorable. Standard diameters 
for plastic-encased circular cells range from 
*; to 1} in. over-all; for rectangular cells, 
sizes range from 4 to 13 in. sq. Daystrom 
Inc, Weston Instruments Div, 614 Freling- 
huysen Ave, Newark 12, NJ. 

Circle 318 on Reader Service Card 


Solenoid hold-down 
switchlights . . . 
are available in various arrangements from 
SPST to 6PST and SPDT to 8PDT, each 
with independent lamp circuit. When 
solenoid hold-down switch is actuated, 
coil is energized and holds pushputton in 
IN position. Pushbutton remains IN until 
coil is remotely deenergized. Switches are 
rated at 28 v dc, 50 milliamp to 2 amp, 
resistive with silver contacts and 4 to 50 
milliamp with gold contacts. The 175- 
ohm coil operates at 28 v de. Holding 
force is 14 lb; plunger travel, #% in. Units 
can be installed in multi-station gang 
assemblies. Delivery is 3 to 4 wk. Pendar 
Inc, 14744 Arminta St, Van Nuys, Calif. 
Circle 319 on Reader Service Card 


High-temp pressure 
transducer . . . 
measures high or low pressures continu- 
ously at 600 F. Ambient temp limits on 
the stainless steel unit are from —320 to 
650 F. Pressure ranges on gage and uni 
directional differential models are from 
0-2 psi through 0-5000 psi. Bidirectional 
differential model operates in ranges from 
+1 through +100 psi. Has combined 
non-linearity and hysteresis of less than 
+0.75 in both high and low pressure 
ranges. Statham Instruments Inc, 12401 
W Olympic Blvd, Los Angeles 64. 
Circle 320 on Reader Service Card 


Static relay .. . 

with meter movement sensitivity, responds 
to input power levels as low as 0.5 microw 
and handles up to 750-w, 60-c loads; yet, 


is said to be virtually unaffected by shock 
and vibration. Has no mechanical con- 
tacts, bearings or moving coils. Operates 
over temp range of —40 to 160 F and 
provides power ainplification ratios in 
range of 90 to 100 db. Can be adjusted 
externally to vary sensitivity and will reset 
to normal open or closed position without 
external reset buttons, solenoids or inter 
rupters. Operates directly from thermo 
couple or other low-level transducer with- 
out intermediate amplification in control, 
indicating and alarm systems. SP units 
available in either N.O. or N.C. configura 
tion with single, double, or differential 
input positions. Size is 3 x 34 x 34 in; 
price, approx $85. Industrionic Div, Air- 
borne Accessories Corp, 5456 W Wash- 
ington Blvd, Los Angeles 16. 

Circle 321 on Reader Service Card 


All-transistor annunciator . . . 
has 2 x 3-in. indication area and operates 
on closing or opening of a set of remote 
contacts. Can be used singly or in un- 
limited number, with all units served by a 
common acknowledging pushbutton and 
common sounding device. Available in two 
110-v, ac models. One has dim glow and 
other is off under normal conditions. 
Radiation Technology Inc, 657 Antone 
St, NW, Atlanta 18, Ga. 

Circle 322 on Reader Service Card 


Internally lit meters . . . 
include 1-in.-barrel-dia and 14-in. panel 
meters, as well as two side indicators. 
Built-in light source behind translucent 
scale is said to give bettér readability, 
especially where ambient light level is low. 
Light also can be used as built-in visual 
alarm or “‘off-on” indicator through simple 
circuit modification. Standard illumination 
is 28 v; optional, 6 or 14 v. International 
Instruments Inc, 88 Marsh Hill Rd, 
Orange, Conn. 

Circle 323 on Reader Service Card 


Circular chart recorder . . . 

is housed in a molded plastic case only 
33 x 3} x 3 in. and mounts on 4-in. center. 
Thus, 9 recorders can be mounted in a 
panel area of only 1 sq ft. Records elec- 
trical voltage, current, Or power, or any 
variable which can be converted to an 
equivalent electrical signal. No pen, ink or 
ribbon is required, since graph is printed 
by a stylus on pressure sensitive paper. In- 
strument contains three basic subassem- 
blies: chart drive and clamping motor 


continued on page 89 


CIRCLE 85 ON READER SERVICE CARD-> 








= KSC 








FROM STANDARD 

















The vacuum arc remelt furnace pictured be- 
low is producing some of the largest ingots 
of the most advanced alloys in commercial 
production today—superstrength alloys for 
missiles, such as D-6, AMS-6428, 300M, and 
special high-temperature alloys for gas tur- 
bine, jet engine applications, A286, Wasp- 
alloy—to name a few. 


This facility rounds out the most modern 
integrated steelmaking plant for special alloy 
forgings and rolled rings in the country 
electric furnace steels, vacuum degassed, and 
vacuum remelted. 


Talk to Standard for stress, corrosion and 
heat-resisting forgings, rings and castings. 

















~ 


bail - 
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QUALITY CONTROL IS SECOND TO NONE AT STANDARD’S OPEN-DIE FORGINGS SUPPLY NATION’S LEAD- 
STANDARD. Quality control at Standard is maintained ING INDUSTRIES. Steel and nonferrous alloys can be worked in 
by the most accurate, up-to-date testing equipment avail- Standard’s forge shop, including some hard-to-work metals such as 
able. Laboratory facilities operate day and night to sup- titanium and super alloys. It can turn out forgings from 15 to 52,000 Ib.:; 
port our metallurgists, shop foremen, mill and machine up to 45 inches in diameter; and up to 60 ft. in length. Major products 
operators—as well as plant management and, of course, include rotors and wheels for turbines, propeller shafts for ships, rolls 
our customers for sugar, printing and rubber industries. 


Standard’s hundreds of customers represent every major industry in the world. Metal components 
of carbon and alloy steels, super alloys, and nonferrous alloys such as aluminum and titanium are 
supplied by Standard for an endless line of products. What particularly impresses our customers 
however, is the unique, personalized service we provide. See for yourself—bring your next problem 


to Standard. 








STEEL CASTINGS TO VIRTUALLY ANY SPECIFICATIONS. The 
Standard foundry, one of the larger ones in the country, has turned out 
castings as light as | lb., and ranging up to 85,000 Ib. They include some 
of the largest heads ever cast for dredge cutters and also vital components 
in huge hydroelectric projects throughout the world. Standard yields to 
none in the skill of its foundry engineers, metallurgists, molders, core- 
makers and core setters. 


PIONEERS IN ROLL-FORGED RINGS .. . STANDARD. 
Standard’s craftsmanship in forming metal rings for heavy in- 
dustry dates back to 1856. The first all-forged weldless rings 
were produced in volume for the first time in 1870—at Standard 
And much of the development work in forging weldless rings of 
high-alloy steels, aluminum and titanium has been done in 
Standard’s Ring Department 


Standard Steel Works Division 


BALDWIN - LIMA :- HAMILTON 


BURNHAM, PENNSYLVANIA Rings ¢ Shafts e Car wheels e Gear blanks e Flanges e Special shapes 


Printed in U.S.A. 





a 


OIL SEALS 


“Garlock KLOZURE Oil Seals have proven consist- Special seals are available for service against harsh 
ently satisfactory in sealing motor shafts.” W. T. IN corrosives at temperatures to +500°F. If you 
Hedlund Manufacturing Company makes this have a particular sealing problem, 
report after specifying the seals to protect bear- DESIGN get in touch with your local Garlock 
ings and keep water from the motor of their representative. He can furnish you 
_Whirl-A-Way Food Waste Disposers. Hedlund ENGINEERING with complete design and applica- 
finds other advantages of KLOZURE Oil Seals, vA y tion information. Why not call him 
too—less downtime, longer life, easier to install y at the nearest of the 26 Garlock 
—and adds finally that “. . . leaky units have sales offices and warehouses through- 
become negligible.” | out the U. S. and Canada. Or, write 
’ : : for Catalog AD-181. Garlock Inc. 
Take a tip from Hedlund. Design with Garlock ety = ? , 
; - <i . Palmyra, N.Y. 
KLOZURE Oil Seals. Where bearings need the SR i I a ae 
best protection . . . on pumps and motors, on aS anadian Viv.: apt oc ° —- da. 
power shovels and lift trucks, in steel mills... Plastics Div.: United States Gasket 


KLOZURE Oil Seals prevent leakage of lubri- Want aWee. we Company 

s ‘ . . a - irl-A- ispose 
cation, seal out foreign matter. KLOZURE Oil Units, W. T. Hedlund Manu- Order from the complete line of 
: : ‘ : ‘ focturin . sel . ° . 
Seals are oil and grease resistant, impervious to seg Age Bh ar quality Garlock products — Pack- 
mild acids and alkalies, non-abrasive, and will pin Re Rh eA ings, Gaskets, Seals, Molded and 


withstand temperatures from — 40°F to +250°F. stainless steel garter spring. Extruded Rubber, Plastic Products. 
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‘DIFFERENT 
MATERIALS!* 


GASKETS PACKINGS WASHERS 
SEALS SHIMS BUSHINGS “0” RINGS 


If it’s a problem of the right material 
for the job—at the right price—Auburn 
is sure to have the perfect solution 
among the wide range of materials in 
which we work. 


Put our 87 years experience to work 
for you—Auburn’s engineers are tops 
in their field in designing and fabricat- 
ing precision sealing devices. Their 
know-how is at your command. ‘0” 
Rings are a speciality with us. 


* le - Asbestos - Nylon - Vinyi . Teflon - Silicone Rubber - Neoprene . Rubber 
Cork - Fibre - Compositions . Phenolics . Cloth . Felt - Paper . Cardboard . Plastics 
Brass . Steel . Copper . Aluminum - Kel-F - Other Special Materials 








Send us your specifications or blueprints. You'll receive 
prompt quotations and recommendations without obligations. 


THE AUBURN MANUFACTURING CO. <B> 


306 Stack $t., Middletown, Conn. 


New York, N. Y.; Rochester, N. Y.; Detroit, Mich.; Chicago, 
Hll.; Minneapolis, Minn.; Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood, N. J.; 
Atlanta, Ga.; Memphis, Tenn.; St. Louis, Mo.; Camden, N. J.; Washington, D. C. 
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The most valuable lesson an upcoming en- Wr ite 
gineer, architect or draftsman learns is 

“Use the best tools!” This means CASTELL | } for 
#9030 Black Gold graphite-saturated lead 7 Sample! 
that stays black without flaking, feathering 


or “burning out.” Gives you crisp, opaque WH Geauga’s transfer molding 


4 process lets you combine 
Mylar base films. CaAsTELL #9030 never t te hard-soft functional sections 


hesitates because of gritty spots. Remark- in one molding operation. 
ably uniform in all degrees, 7B to 10H, eS Eliminates cost of cemented 

i : fabrications and possibility 
each as precise as a machine tool. Erases Water Inlet 


urom of field failure. And its low 
without leaving ghosts. Plastic tube with 56 and 80 Durometer seta amici, 
gold cap. 


Available in Buna, GRS, Butyl, Rubber 


lines on all surfaces, including Cronar and 


FITS ALL STANDARD HOLDERS. Pick up a tube from your supplier today, 
A.W.FABER-CASTELL Pencil Co., Inc., Newark 3, N. J. 


Now celebrating Its 200th birthday 


GEAUGA INDUSTRIES CO. 


A Subsidiary of Carlisle Corporation 
MIDDLEFIELD, OHIO 
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accurate 
ductile iron cam 


The cam way in this ductile iron 
cam for McNeil Bag-O-Matic Tire 
Curing Presses is used “as cast.” 
Expensive contour machining has 
been eliminated. The only remain- 
ing operation is drilling. 

For ductile iron castings re- 
quiring accuracy, smoothness and 
highest properties consider the un- 
usual capabilities of 

Morris Bean & Company, 

Cedarville, Ohio. 


aluminum & 
ductile iron 


foundries 
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hysteresis-induction type which operates 
at 240 rpm); gear train assembly; and me 
ter movement (four available: D’Arsonval, 
cross coil, moving iron and ferrodynamic) 
\s in other direct reading instruments, 
clectrical input signal is fed directly into 
electrical meter movement. No amplifica 
tion is needed even for signals as low as 
10 microamp, since movement’s deflection 
is unhindered during measuring portion of 
normal 6-sec cycle. Record is obtained by 
periodically clamping meter 
arm, Causing stylus to press against under 
side of chart Meter movements 
measure de and ac quantities from thermo 
couple outputs to currents as high as 600 


movement 


paper ° 


amp. Speed combinations available include 
1, 7 and 30 hr per revolution or 1, 7 and 
30 days per revolution. Thomas A Edison 
Industries, Instrument Div, Lakeside Ave, 
West Orange, NJ. 

Circle 324 on Reader Service Card 


Electromechanical linear 
actuator... 

uses induction principles to deliver uni 
form long stroke. Contains only one moy 
the rod—and can be used to hold 
under load at any position or provide re 


ing part 


ciprocating motion. Stroke is up to 6 in 
with standard units and unlimited in engi 
neered products. Produces uniform output 
force throughout its stroke in either direc 
tion, with output force directly proportional 
to input power. Continuous duty holding 
force is up to 2 lb. Six models from stock 
operate on standard ac voltage and. come 
furnished for foot mounting. Skinner Pre- 
cision Industries Inc, New Britain, Conn. 

Circle 325 on Reader Service Card 


Subminiature potentiometer .. . 
is low-price unit with high specifications 
(including ability to withstand steady state 
humidity) for use in printed circuits and 
other modular type applications where ex 
treme angular resolution is not required. 
he single-turn, wirewound potentiometer 
measures 4 in. dia x 0.210 in., weighs 0.05 
oz and is interchangeable with others of 
its type. Resistances range from 100 to 
20k ohm; nominal resolution, down to 
0.12%; power rating, 0.5 w at 158 F; and 
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WHEELS 
HUBS 


SPINDLES 


FOR AGRICULTURE 
AND INDUSTRY 


ENGINEERING 
ASSISTANCE 


QUALITY PRODUCTS 
EXCELLENT SERVICE 


YOUR INQUIRY INVITED... 
CATALOG SENT UPON REQUEST 


ELECTRIC WHEEL CO. 


Division of the Firestone Tire & Rubber C 
Dept. 


QUINCY, ILLINOIS 


ompony 
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GRIPCO CLINCH NUT 


GRIPCO TOPLOCK NUT 


You get these 
“extras” when 


you specify 


GRIPCO PILOT- PROJECTION 
WELD NUT 


FASTENERS— 


¢ 
— 40 sales representatives all 
over the country for prompt, fast service. 


iy 4, 
— Quality controlled by the 
oldest established lock nut manufacturer 
in the U.S. 


—— Large inventories to ensure out 
of stock delivery on all catalogued items. 


Speed production and lower costs 
on your products with this Grip 
Nut family of Gripco FASTENERS. 
Qualified fastener engineers are 
available for consultation on all 
your assembly problems. Consult 
the yellow pages in your phone 
beck under “Gripco”’ for the one 
nearest you. 


Other Gripes Products: 


* Brass Toplock or Centerlock nuts. 

® Miniature weld and clinch nuts, with 
or without lock. 

® Toplock and Centerlock Hi Nuts. 

® Standard Semi-finish full and jam nuts. 

® Stainless Steel lock, weld and semi- 
finish nuts. 

® Cold formed special nuts or parts to 
print. 


y 4 
y / 


GRIPCO CENTERLOCK NUT 


g feature in the 


1 


for fast feeding 
be applied from either 


ET 


a 


GRIPCO COUNTERSUNK 
WELD NUT 
witt elf 
ter 


Send for samples and NEW CATALOG today : prote ts et : fren 


GRIP-NUT company 


102 MAPLE AVE. 
SOUTH WHITLEY, INDIANA 
Phone: South Whitley 723-5111 





Subsidiary of Heli-Coil Corporation, 
Danbury, Conn, 


90 CIRCLE 90 ON READER SERVICE CARD 








For over 55 years the firm guarantee 
back of each and every DART UNION 
sold has been — “if one should leak 
through we will give you two”! The 
ponte reveals that less than 1 in every 
100,000 has proven to be faulty. The ex- 
tra wide bronze to bronze seats, preci- 
sion ground to a true ball joint, mount- 
ed in heavy malleable iron pipe ends 
and protected by an extra heavy union 





NTEED 


to give 
drip-tight 
leak-proof 
seal 


greatest name 
in unions 


DART 


nut, make a drip-tight, leak - proof 
connection WITHOUT EXCESSIVE 
WRENCHING time and time again. 


Guarantee positive tight connections 
and extra long service on your pipe 
lines by using the DART GUARAN- 
TEED UNION. 


Yours on request: Descriptive brochuce 
on Dart Unions and Union Fittings. 


DART UNIONS Products of DART UNION COMPANY PROVIDENCE 


GENERAL 
SALES 
AGENT | 


PITTSBURGH 22 * 


ss teliaelolal. 43 COMPANY 


393 LAFAYETTE STREET, NEW YORK 3; NEW YORK 
BRANCHES: NEW YORK 3 


BOSTON 10 * ROME, GEORGIA 
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The dial 
thermometer 
at its best — 


DISTANT 
READING 


Something much 
finer in a dial ther- 


mometer 


finer because 


it is the bourdon tube type of thermometer 
at its best...embodies the greater precision 
and lasting accuracy of the Marsh Pres- 


sure Gauge. 


Both vapor tension and gas-filled types 
are available in either distant reading or 
rigid stem types. In the broad Marsh line 
you have a complete selection of tempera- 
ture ranges, case sizes, styles, and finishes. 


RIGID 
STEM 


Ask for the Thermometer Catalog 


MARSH INSTRUMENT COMPANY, Dept. 39 Skokie, Ill, 


Division of Colorado Oil & Gas Corporation 
Marsh Instrument & Valve Co. (Canada) Ltd., 8407 103rd 
St., Edmonton, Alberta, Canada, Houston Branch Plant, 

1121 Rothwell St., Sect. 15, Houston, Texas. Eastern 

Seaboard Warehouse: Marsh instrument Co., 
1209 Anderson Ave., Fort Lee, N.J. 
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to 221 F. Meets 
steady state humidity requirements, 125 hi 
at 95 to 100% relative humidity, and can 
be used with conventional potting mate- 
rials. Priced at $3 in production quanti 
ties. Trimpot Div, Bourns Inc, 6135 
Magnolia Ave., Riverside, Calif. 

Circle 326 on Reade* Service Card 


operating temp., —67 


Hydraulic hand pump .. . 
suitable for pressures of 1000 to 2000 psi, 
has toggle linkage which enables operator 
to obtain a mechanical advantage of up to 
3.5:1 at left end of stroke where linkage 
approaches dead center. Principle formerly 
applied to hand pumps for 3000-, 5000 
and 10,000-psi service. Mechanisms Co, 
118 E 2nd St, Uhrichsville, Ohio. 

Circle 327 on Reader Service Card 


Step variable delay line. . . 
is built of M-derived lumped constant 
sections and uses rotary switches for alter 
ing number of sections to achieve desired 
delay time. Delay time is up to 100 micro 
sec; rise time ratio, 25:1 based on total 
delay; impedance, 200 to 1000 ohm; and 
incremental delay time per step, from 
1/10 to 1/100 of total delay. Gray & 
Kuhn Div, Burnell & Co, 80 Swalm St, 
Westbury, LI, NY. 

Circle 328 on Reader Service Card 


Moistureproof solenoid valves 
include magnetic circuits completely en 
capsulated in epoxy. Can be supplied 
with rectifier diodes molded into the cir 
cuitry, allowing valves to operate as dc 
units from ac power source. Units can be 
used with or without outer housing, can 
be rotated 360° and are reversible. Avail- 
able with spade terminals of PVC leads 
Peter Paul Electronics Inc, 251 Whiting 
St, New Britain, Conn. 

Circle 329 on Reader Service Card 


Beryllium copper strip . . . 

with tensile strength to 190,000 psi, is 
mill heat-treated. Formability is said to 
exceed all previous standards for this type 
alloy product. In addition to eliminating 
need for customer heat treatment, proc- 
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esses also thermally iron material to high 
degree of flatness and reportedly provide 
better uniformity throughout a coil and 
between lots. Brush Beryllium Co, 5209 
Euclid Ave, Cleveland 3. 

Circle 330 on Reader Service Card 


Single- and double-acting 
dashpots .. . 


use liquid compressibility for energy ab 
sorption applications from 10 to 5,560,000 
in.-lb. Sixty-six standard models range 
size from 1% in. long x 4 in. dia to 70 in 
long x 84 in. dia. Taylor Devices Inc, 200 
Michigan Ave, North Tonawanda, NY. 
Circle 331 on Reader Service Card 





Relief valves... 
are available with 15- to 200-psi settings 
and have Neoprene seals, stainless steel 
springs and cast red brass bodies. Some are 
equipped with calibrated adjusting keys 
Suitable for 
use wherever pop-off or bypass type relief 
units are needed. Mansfield Sanitary Inc, 
Perrysville, Ohio. 

Circle 332 on Reader Service Card 


Standard setting is 125 psi 


Synchronous induction 
OGGET . « « 

is single-phase, 60-c, 115- 
run type, using 3-microfarad capacitors 
Produces pull-out torque of 8 oz-in. min, 


capacitor start 


~~ 


compared with 3 of conventional 
hysteresis synchronous models. Measures 
1.88 in. dia and 2.25 in. long. Task Corp, 
1009 E Vermont Ave, Anaheim, Calif. 
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oz-in. 


Fully assembled idler sprocket 
has oil-impregnated bearing which is a 
press fit in the sprocket bore and a slip fit 


over the case-hardened steel journal to 


eliminate “run out.” Steel washers press 
fit on journal to complete assembly and 


provide proper lateral clearance between | 


continued on page 92 


| 
| A Morse answer 


roller 
chain 


... when the problem involves 
service life and performance 


Superior fatigue resistance 
Increased horsepower ratings 
Statistical hardness control 
Electronically controlled pitch 
All parts automatically inspected 
Drive-design service 
Distributor-stocked 


Got a chain problem? Call your Morse 
distributor. He’s listed in the Yellow Pages. 


an BORG WARNER 


Morse Chain Co., Dept. 4-61, Ithaca, N.Y. Export 
Sales: Borg-Warner International, Chicago 3, III 
In Canada : Morse Chain of Canada, Ltd., Simcoe, Ont 


InOUS TRY 
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COMPONENTS * MATERIALS * PROCESSES 


. continued 


working parts. Sprocket teeth are ma- 

6 P | chined, not stamped, for smooth chain 
That new Hamilton engagement with max contact surface. 
Sizes range from 3% to 14-in. chain pitch. 

Length through bore is 1 in. and hub 


drafting table makes diameter, 14 in. From stock at $4.90 to 


$6.50 (1 and 14-in. chain pitch sizes made- 


x | to-order). Diamond Chain Co. Inc, 402 
our old equipment tm iniias?. 
1” Circle 334 on Reader Service Card 
really seem obsolete! 








Subfractional-hp blower . . . 

| has unitized housing of cold rolled steel 
with baked enamel finish. Air delivery 
has been increased to 60 cfm for single 
unit at 3200 rpm and 120 cfm for double 
unit at 3100 rpm. Powered by 2P shaded 
pole induction motor, 115 v ac, 60 c. 
Other voltages, as well as 50-c operation, 
are available. Suitable for cooling elec- 
tronic equipment and for induction heat 
ing. Heinze Electric Co, 685 Lawrence 
St, Lowell, Mass. 
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torsion AUTO- SHIFT 


? 
») 

Here is a drafting table that combines truly ’ 4\\ 
imaginative engineering with intimate [ 

knowledge of today’s drafting procedures. . py 
Exclusive new torsion bar mechanism per- 

mits smooth, silent fingertip adjustment of 

board tilt. Simple counterbalance adjust- 

ment compensates for weight added to board 

in the form of drafting machines and lamps. 


Flexible reference facilities may be used from : Polypropylene handle age 


either side of desk. In addition, space Se a ae aga | is suitable for heat-and chemical-resistant 
economies of up to 35% are possible! This Torsion Auto i ie | installations. Fastens by means of a stccl 
uto- 


Write today for full details on the revolu- a table you can adjust to | anceet wee & erstuiegdees erese — 

: . : hs meet any and every drafting Steel-contoured cover cap, which snaps 

tionary new Hamilton Torsion Auto-Shift. need—and do it with effort- on over bracket, is available in varicty of 

a a a finishes. Handle, itself, is supplied in any 

of four stock colors or matched in color 

on volume orders. In tests, handle lifted 

YW crrrtt Lh LOL » Time and Space Bificioncy tot =| 2 75-lb load 10,000 times without de- 

a ee me laundries. | Veloping signs of wear or fracture. Phila- 

PROFESSIONAL AND SCIENTIFIC FURNITURE delphia Handle Co, 1643 Haddon Ave, 
Camden 3, NJ. 

eee eee ne See, CENSOR Circle 336 on Reader Service Card 


92 CIRCLE 92 ON READER SERVICE CARD PRODUCT ENGINEERING + JUNE 12, 1961 





Select the exact a-c 
or d-c small motor 
you need... 

from the wide 
Barber-Colman line 


a 4 od | O7-% Sa 4 od 


t 


+ wA 


4. cy 
A 
“i 


new revised 
quick reference 
file on the 
complete line 





.. . this helpful guide illustrates 
and gives typical specifications 
on Barber-Colman subfractional 
horsepower motors. Ask for 
Quick Reference File F-9765 .. . 
it covers the following: 


A-C SHADED-POLE MOTORS 
unidirectional « reversible 
synchronous ¢ geared 


A-C AND D-C TACH GENERATORS 
D-C PRECISION MOTORS 
BATTERY-OPERATED MOTORS 
A-C 400-CYCLE MOTORS 
BLOWERS, GEARHEADS 
ULTRA-SENSITIVE RELAYS 


BaRBER-COLMAN COMPANY 
DEPT. R, 1912 ROCK STREET, ROCKFORD, ILLINOIS 
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Ganging potentiometer .. . 
is lys-in. single turn, wirewound unit, 
completely encased in precision machined 
aluminum. Power rating is 2.5 w with max 
temp rise of 140 F. Noise is reduced by 
multi-finger contact brush and resistance 
wire bonded to card. Resistance element 
can be linear or nonlinear. Rotation is 
continuous or brush limited to stop on 
overtravels. Standard ranges include 1000, 
5000, 10,000, 25,000, 50,000 and 100,- 
000 ohm. 
ganged units, which can be independently 
phased. DeJur-Amsco Corp, 45-01 North- 
em Blvd, Long Island City 1, NY. 

Circle 337 on Reader Service Card 


Combination drawing table 
and desk... 

is L-shape unit made of steel and finished 
in two-tone baked enamel. Drafting table 
can be adjusted in height from 30 to 45 in. 
and at any angle from 0 to 90°. Pilastic- 
top desk on one side of unit has large, 
shallow tool and drawers, and 
tubular legs with floor levelling devices. 
Unit includes three electrical outlets. Sta- 
cor Equipment Co, 285 Emmet St, New- 
ark 5, NJ. 


catalog 


Supplied as single or multiple 


Circle 338 on Reader Service Card | 


Temperature recorder. . . 

operates on a pyrometer principle, using 
output from a _ thermocouple junction 
through a temp compensator to cause d 
flection of a highly sensitive galvanometer. 
Supplied with 6-ft thermocouple, which is 
directly connected to recorder’s rear ter 
Any temp span from a 500 to 
Priced at 
130 


minals. 
2500 F range is available. 
$139.50. Rustrak Instrument Co, 
Silver St, Manchester, NH. 

Circle 339 on Reader Service Card 


Logic-symbols templet . . . 
contains symbols for use on basic logic and 
engineering logic diagrams associated with 
digital processing systems. Made of green- 
tinted plastic with beveled cutouts. Over- 
all size: 78 x 4 in. Price: $3. Rapidesign 
Inc, PO Box 429, Burbank, Calif 
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Morflex 
couplings 


...when the problem invo/ves 
vibration and misalignment 


Isolate vibration 

Cushion shock 

Absorb misalignment 
Torsionally flexible 
Impervious to water, dirt, oil 
Arrest electrolysis 
Distributor-stocked 


Got a coupling problem? Call your Morse 
distributor. He’s listed in the Yellow Pages. 


co BORG WARNER 


Morse Chain Co., Dept. 4-61, Ithaca, N.Y. Export 
Sales: Borg-Warner International, Chicago 3, 4). 
In Canada : Morse Chain of Canada, Ltd., Simcoe, Ont. 


InOVUSTRY 
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Gold SICON protects the grill and grill pouch of thts 
attractive Quaker space heater under temperatures of over 
500°F., without peeling, flaking, powdering or discolor- 
ing. And it will retain its bright appearance indefinitely ! 
Do as Heil-Quaker did. Test SICON . . . up to 1000°F. for 
Sicon-Aluminum or black . . . from 500° to 650°F. in gold 
or other decorative colors. Write for Sicon brochure and 
free sample offer ...today! Write Dept F-31. 


SICON, protects and preserves—wherever there is heat. 


This unusual cord set, introduced and patented by Miller 
Electric, is imaginatively designed to make removal from any 
outlet easy. And it discourages “wire yanking” habits that may 
cause failures in ordinary plugs. 


A Miller Finger Pull Plug with unlimited color-co-ordinating 
possibilities makes any product more functional, more attrac- 
tive, and effectively displays your trademark, too. 


Whether you select from the industry's largest line of stock 
vinyl cord set components, or require one with custom designed 
parts, it may cost no more for Miller to give your product a 


J 
plug... with pull! thle testenetaitia thes Si CON 4/7 emperature finish 
Y MIDLAND 


Industrial Finishes Company 
Waukegan, Illinoi 


120 Main Street + Pawtucket, R. |. CIRCLE 211 ON READER SERVICE CARD 
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eae C) ted aa 

Dp Reduce costs NC 

<a (] Simplify assembly Qa): | A complete 
[_] Improve appearance with Wing Nuts OIL-DYNE 


DIE CAST ZINC ALLOY | ZX hydraulic 
& MOLDED NYLON Cap Nut 


FASTENERS =", 


Thumb 
High in quality << 
Round Head Uniformly eenrate No nuts room to spare! 


Low in cost (ye f . 
Wide raage of stock fo Y If vou still believe that hydraulic units must be big and bulky, 
styles, types, sizes € r : ’ d Pence 
| you just haven't seen Oil-Dyne’s miniature power package! 

t 


=a 
and threads 
f yr Or pump must run constantly, you 
Produced in one high speed auto- And if you think the motor or pump j 
matic operation, GRC’s exclusive 


hod Soreie ~ haven't heard that an Oil-Dyne motor and pump run ONLY 
methods assure uniformity, smoot : 

ripest and comedion sulstent being acrews while the cylinder piston is in motion. Perhaps, too, you 
urfaces and the lowest possible eB : = : Se Ls 
cost. New kinds of fasteners never didn’t know that Oil-Dyne has eliminated all the complex 


before available . ifiea- 3 : 
tions in stock fasteners ye external valving for directional control . . . and that when 
you shut off an Oil-Dyne reversible pump, the piston is auto- 


“a 
Clalized use . . . infinite variety MOLDED 
in styles, types and sizes, have > NYLON ; lefi J 
been made pos@ble by GRC’s ‘ke te) yn, and stays there indefinitely. Just 
special automatic die casting and matically locked in position, ae : , 
molding machines Screws to make sure you're aware of what’s happened in hydraulics 


orc’ eel rae ' Write, wire, phone since Oil-Dyne pioneered miniaturization, you ought to write 
$ exclusive wide grip; & , @ » P 

generous width tops have | RIGHT NOW for <9 for our Catalog 21-I 

deep fluted edges for firm, | samples, prices, your o 

comfortable grip. Corro- - copy of GRC’s NEW Hex Nuts 


sion resistant, rustproof. PIONEERING MINIATURIZED HYDRAULIC ACTUATION 
Smart design for added DETAILED FASTENER . 


sales appeal. CATALOG f=) en 
_ rot -DYNE 
Me tne ie er Ol INC. 
'® 


y th tt . 
Thread Sizes: —t | 


#4 to 7/16" 2115Z West Marquette Road ® Chicago 36, Il. 


& 
ey 
GRIES REPRODUCER CORP. PUMPS © CYLINDERS @ VALVES 


World’s Foremost Producer of Small Die Castings Screw 


159 Beechwood Ave., New Rochelle, N. Y. * NEw Rochelle 3-8600 ylators ; PRESSURE SWITCHES @ ACCESSORIES 
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The National Watercraft 


Collection 

HOWARD | CHAPELLE. US Government Print- 
ing Office, Washington 25, DC, 81/2 x 11, 327 
pp. $3.50. 

Bulletin No 219 of the US Na- 
tional Museum (Smithsonian Insti- 
tute) describes the collection of ship 
models, plans, photos and other data 
in the watercraft collections. Of par- 
ticular interest are the items which 
reflect the design changes resulting 
from technological improvements. 
These are most evident with the ad- 
vent of steam propulsion and the 
change from wood to metal as the 
principal structural material.—JJK 


Electronics in Engineering 
(2nd Edition) 


W RYLAND HILL, professor of electrical engi- 
neering, Univ of Washington. McGraw-Hill 
Book Company Inc, 330 West 42nd St, New 
York 36. 6% x 91%, 340 pp. $8. 


For engineering and science stud- 
ents not majoring in electrical engi- 
neering, it covers vacuum and solid- 
state electronic devices, electronic 
circuits, and circuit analysis. The 
book presumes a prior knowledge of 
circuit theory from a basic electrical 
engineering or physics course. Topics 
are vacuum and gas-filled tubes, tran- 
sistors, rectification, amplification, 
feedback, the cathode-ray oscilloscope, 
resonance, oscillators, and transduc- 
ers. Sketches of tubes and semicon- 
ductors are simple and easy to undet 
stand. 


Introduction to the 
Kinematic Geometry of 
Gear Teeth 


ALLAN H CANDEE. Chilton Company, Phila- 
delphia 39. 6 x 91/2, 204 pp. $12.50. 


This book presents information and 
explanations about gear-tooth contact 
of spur gears in a form useful for refer 
ence, and suitable for study. The 
basic problem concerns contact be 
tween tooth profiles in a plane, and 
all related problems can be solved by 
two-dimensional plane geometry and 
kinematic geometry. ‘Tooth genera 
tion and tooth design are treated as an 
important part of gear design. The 
important feature of the book is 
method. None of the problems treated 
is new; but the solutions are obtained 
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by thinking geometrically in a way 
that will appeal to the practical- 
minded. 

A graphical method is employed 
that consists of geometrical construc- 
tions by lines and points, combined 
with numerical calculations of dis- 
tances and angles. Considerable use 
is made of the ideas of instant centers 
and centers of curvature. Simple 
formulas can then be derived that yield 
acceptably accurate values by compara- 
tively short arithmetical calculations. 
Tables of recently computed coordi- 
nates of points on the involute of a 
circle and on involute tooth profiles 
are presented in an appendix. 


Other Books of Interest 


Specifying the Characteristics of 
Auxiliary Equipment for Shock 
and Vibration Measurements 
American Standards Association Inc, 10 
40th St, NY 16. 8 x 11, 11 pp. 80¢. 
Involute Splines, Serrations and 


Inspection 
American Society of Mechanical Engineers, 29 
W 39 St, NY 18. 8% x 11, 108 pp. $5. 

This American standard is numbered ASA 
B5.15-1960. 


ABSTRACTS 
FROM THE LITERATURE 


Tunnel-diode Applications 


Tunnel diodes can be used to amp- 
lify, switch, or generate oscillations 
and can be combined with transistors 
to take advantage of favorable features 
of both devices. Basic circuit simplic- 
ity, high-speed operation, and various 
methods of combining tunnel diodes 
with transistors are illustrated and 
described. 

“Tunnel Diode Applications,” by C. D. Todd, 


Hughes Aircraft Co. Presented by AIEE Tunnel 
Diode Symposium, Feb 17, 1960. 


Journal-bearing Analysis 


Chis paper analyzes journal-bearing 
equations by using phase-plane meth 
ods—resulting in velocity-vs-displace- 
ment plots of the journal eccentricity. 
It is believed that this type of analysis 
exhibits previously known journal- 
bearing characteristics more clearly 

continued on page 96 


“digy” 


Ph” 


A Morse answer 


Eberhardt-Denver 
PpoweRgear 


® 


... when the prob/em involves 
heavy duty and reliability 


High horsepower capacity 
Oversize shafts 
Extra-large bearings 
Heavy-duty gearing 
Universal mounting 

All types available 
Fractional to 53 hp. loads 
Ratios 5:1 to 3600:1 
Center distances 2” to 7” 
Distributor-stocked 


Got a speed-reducer problem? Call your 
Morse distributor in the Yellow Pages. 


Az BORG-WARNER INnOvuUSTRY 


Morse Chain Co., Dept. 4-61, Ithaca, N.Y. Export 
Sales: Borg-Warner International, Chicago 3, III 
In Canada : Morse Chain of Canada, Ltd., Simcoe, Ont. 


CIRCLE 95 ON READER SERVICE CARD 95 





KENDALL/GOVERNAIRE 


€. Te a 


SEND FOR 
oy We Vmele 
ze), 


~ PRECISION 
AIR 
REGULATORS 


Large balanced supply and relief valves pro- 
vide rapid response with precise control plus 
maximum flow for minimum size. 


Kendall is a direct acting, spring actu- 
ated, bleed type valve. Governaire is 
pilot assisted. Both lines have a unique 
boost action with increased flow rate 
that offsets downstream pressure losses. 
Both are immune to supply pressure 
variations and suited to either high-flow 
or dead-end applications. With the 
Kendall/Governaire lines, Stratos offers 
the largest selection of standard and spe- 
cial precision pressure regulators, relays 
and volume boosters in the industry. 

For your copy of the Stratos Engi- 
neering Manual and Data Sheets 
illustrated above, write 


STRATOS’ 


A DIVISION OF 
FAIRCHILD ENGINE & AIRPLANE CORPORATION 


Bay Shore, L. I., N.Y. 


96 CIRCLE 96 ON READER SERVICE CARD 





| are outlined, and_ several 





continued 


DESIGN LITERATURE... 


and introduces an explanation of cer- 
tain other characteristics which were 
previously obscure. 

For example, all possible motions 
of the journal that can result from 
varying such parameters as journal ro- 
tational speed, load, eccentricity, and 
so on, are clearly shown. 

“Phase Plane Analysis of Dynamically Loaded 


Journal Bearings,” by H. T. Albachten, Internal 
Business Machines, San Jose, Calif. ASME Paper 


| No 61-LUBS-12. 


Sealing of Hazardous Fluids 


Outlines the general 
5 

equipment and methods emploved by 

manufacturing com- 


types of 


one chemical 


pany in the handling and sealing of | 


several hazardous fluids. ‘The perti- 


nent features of each equipment type 
tvpes of 


equipment are illustrated. 


“Sealing of Hazardous Fluids,” Arthur L. 
Decker, Ethyl Corp. British Hydromechanics Re- 
search Assoc, International Meeting on Fluid 
Sealing, April 17-19, 1961, Ashford, Kent, 
England. 


| CATALOGS 


AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number in post- 
card inside back cover. For those catalogs 
and bulletins available only when requested 
on company letterhead, see page 100. 


VARIABLE-SPEED DRIVES-—Catalog 
700, 112 pp. Contains dimensions and 
dimension drawings of integral- and frac 
tional-hp units. Price section covers 2:1 to 
6:1 variations and max variations. Tables 
indicating load characteristics and torque 
ratings are included. Sterling Electric Mo 
tors Inc, 5401 Telegraph Rd, Los Angeles 
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ROTARY AIR 
660, 12 pp 


PRODUCTS-—Catalog 
Deals with six sizes of air 
motors, 1/20 to 7 hp; compressors ranging 
from 0.6 to 45 cfm, up to 30 psig; and 
vacuum pumps, ranging from 0.6 to 50 
cfm, up to 28 in. Hg. Presents specifica 
tions, photographs, dimension drawings 


| and performance curves. (See Letterhead 


Requests for larger catalog). Gast Mfg 


| Corp, 23102 Hwy M-139, Benton Harbor, 


M 1c h 
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| VALVES—Bulletin 91051, 6 pp. Supplies | 


photographs, specifications, design features, | 


dimensions, etc. of miniature, special and 
2-, 3- and 4-way valves; cylinders; pumps 
ind special controls. Airmatic Valve Inc, 
7313 Associate Ave, Cleveland 9 
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NEED 
FINE TUBING 
IN ALUMINUM 

ALLOYS? 


@ Production mills provide rough 
drawn aluminum alloy tubing in the 
standard, large sizes. But the redraw- 
ing of fine, seamless tubing with any 
needed O.D. betweer 0.010” and 
0.375” and wall thicknesses from 
0.035” +0.0005” to 0.001” +0.00025” 
is UNIFORM’s specialty. UNIFORM 
‘TUBES provides the precision alumi- 
num alloy tubing such as that which 
goes into the fabrication of light- 
weight, highly accurate instrument 
pointers and other critical applications. 

Through skills developed over the 
years and by continuing devotion to 
precision craftsmanship, UNIFORM 
meets close tolerances in every 
dimension even cutting tubing in 
lengths to +0.003”. Tubing ends are 
always free of burrs and concentricity 
is preserved. 

Fine tubing drawn to your specifi- 
eation is available in high purity 
aluminum and aluminum alloys 
1080-C, 1100, 2024, 3003, 5052, 6061, 
6951, 7075 and the new high-strength 
alloy UT-58. 

Even though tubing is drawn to 
your exacting requirements, if you 
need delivery ‘“‘yesterday,”” UNIFORM 
will produce fastest delivery possible. 
Write for information on this tubing 
or on tubular parts fabricated “at the 
mill’’ from these alloys as well as 
alloys of copper, nickel, steel and the 
precious metals. Sizes up to %¢-inch 
O.D. on application. 


UNIFORM TUBES, 


INC. COLLEGEVILLE 2, PA 


HUxley 9-7276 TWX-CGVL 1044 
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GAGES—Catalog DH-54, 32 pp. Describes 
and illustrates construction features of pres- 
sure, vacuum and compound indicating 
gages, whose movements incorporate helical 
rollers instead of gears or teeth. Supplies 
sizes, ranges, type of bourdon tubes, con- 
nections, accuracy, recommended uses, etc 
Includes dimension drawings. Helicoid 
Gage Div, American Chain & Cable Co 
Inc, Bridgeport 2, Conn. 
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ELECTROMAGNETIC CLUTCHES, 
BRAKES—Manual 361, 46 pp. Carries 
specifications, dimensional data, schematics, 
performance curves, etc. of small standard 
and pancake clutches, brakes and clutch/ 
brake combination Also 
torque indicators, torque standards and 


units. COVeTS 
multispeed transmissions. Oscillograph r 
cordings of response time measurement are 
Autotronics Inc, Florissant, Mo 
Circle 354 on Reader Service Card 


given 


WHEEL PACKAGES-Bulletin 613, 20 
pp. Covers packages containing spindles, 
bearings, hubs, closure seals and caps and 
tires that carry loads from 500 to 3000 
lb and are designed for farm implements 
and industri.’ products. Load vs speed 
charts, dirt... sion drawings and photo- 
graphs are offered. French & Hecht Div, 
Kelsey-Hayes Co, PO Box 690, Davenport, 
Ta. 
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RELAYS—Bulletin, 20 pp. Lists perform- 
ance features, electrical specifications and 
prices of relays, steppers, sensitrols, sole 
noids, contractors, rectifiers and related 
items from stock. Universal Relay Corp, 
42 White St, New York 13. 
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GAS AND VAPOR’ ELECTRON 
TUBES—Handbook SP 1042, 12 pp 
Describes standard and subminiature volt 
age regulator and voltage reference tubes, 
rectifiers, thyratrons, decade counters and 
radiation counter (Geiger-Mueller) tubes, 
tabulating their operating characteristics 
and ratings. Raytheon Co., Industrial 
Components Div, 55 Chapel St, Newton 
58, Mass. 
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URETHANE SEALS AND PACKINGS 
—Catalog, 8 pp. Discusses physical charac 
teristics of urethane elastomer and its use 
in sealing hydraulic and pneumatic equip 
ment; manufacturing tolerances allowed 
with seals; types of moving part surfacc 
finishes; housing dimensions; fitting “U” 
cups into existing grooves; and designing 
housing for new installations. Illustrates 
and tabulates sizes and types of available 
seals and packings. Disogrin Industries, 
Div of Pellon Corp, 510 S Fulton Ave, 
Mt Vernon, NY. 

Circle 358 on Reader Jervice Card 
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BERRY/DOWTY 
sear pumps 


OT T-miliiivelsmes 2ealot— 
without 
measurable wear 


Performance 
guaranteed 


at 230 


Pressures to 3,000 PS!) 


OlTi deltie-miceli mance) 
85 GPM 


Speeds to 6,000 RPM 


HYDRAULICS 


A DIVISION OF OLIVER TYRONE CORPORATION 


| 
err 
| 


“Dowty is the trademark of Dowty Hydraulic Units 
Limited, England 


The Berry/Dowty line of hy- 
draulic gear pumps has been 
subjected to exhaustive endur- 
ance tests. A Model GPA3/170 
(rated output 24.5 GPM at 1800 
RPM and 2000 PSI) 
through a one million cycle 
0-2000 PSI test, with the final 
200,000 cycles at 230° F. There 
was no measurable wear as a 


was put 


result of this test. In this and 
other tests, and 
mechanical efficiency has in- 
creased slightly from beginning 
to end of test, a result of the 
self-compensating design. 


volumetric 


Performance and warranty 
are unaffected by system 
temperatures of 230° F. 
provided minimum operat- 
ing oil viscosity is 50 
SSU. Volumetric efficien- 
cies of 95°% at 2000 PSI 
are normal under these 
conditions. 


Value analysis (price, perform- 
ance and reliability) proves the 
economy of Berry/Dowty Hy- 
draulic Gear Pumps. Wire or 
phone today (Corinth, Miss., 
ATlantic 6-5541, Dept. K) for 
test units for evaluation on your 
equipment. 


+ 


MAIL FOR NEW GEAR PUMP CATALOG 


Berry Hydraulics Corinth 1, Miss. 
Name 
Company 
Addres 


CIRCLE 97 ON READER SERVICE 





NO TANGLE-NOTCH COIL 


SWap) ovr con 


PLACE ON PART 


Preformed No Tangle- 
Notch Coi! Rings end wasted 
time in placing silver solder in 
position for brazing operations. 
Rings fit quickly and 
accurately on parts to be 
joined. Cut and try methods 
and resulting rejects are 
eliminated. Silver solder is 
actually metered to flow 
evenly — positive bond. 
Ring Diameters from 4” to 
12” — +.001. Wire Sizes 
020 to .093. 


NO 
DISTORTION 


Write for 16 page 
booklet on better 
brazing. 


j 
j 


LUCAS-MILHAUPT Exgincwing Co. 


5056 South Lake Drive, Cudahy, Wisconsin 
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get the 
Goshen 
Rubber... 


—IDEA™ 


*.. “to combine the best 
properties of rubber and 
metal in one bonded unit 
to meet YOUR PARTIC- 
ULAR job requirement. 


ror BONDED-10-METAL 


Rubber Parts 


Goshen’s exclusive Gorbond process gives “designer- 
specified” adhesion between metal and rubber parts fabri. 
cated by GRC from natural, synthetic and silicone rubber 
compounds. Design and supply of the metal components 
may be yours, or ours, at your option. Consult us on your 
product design problems—we'll be happy to furnish 
recommendations. 


Write, wire or phone 
, a 
» > 


RUBBER CO.,INC. 7 


2061 S. TENTH STREET © GOSHEN, INDIANA 
PHONE KEystone 3-1111 TWX: GOSH 8701 


CIRCLE 98 ON READER SERVICE CARD 


DESIGN LITERATURE........ .continued 


THERMOMETERS AND GAGES-—Bul 
letin 282, 4 pp. Reviews 10 standard 
models of bimetal dial thermometers and 
two high pressure gages, giving size and 
application data, accompanied by photo 
graphs and schematics. Temp range chart 
is included. American-Standard Controls 
Div, Rochester Instrument Plant, 100 
Rockwood St, Rochester, NY 

Circle 359 on Reader Service Card 


HYDRO-PNEUMATIC 4-WAY VALVE 
—Data sheet 474-01.201-1, 3 pp. Contains 
specifications, dimensions, photographs 
and installation drawings of the pneumatic 
diaphragm-operated mechanism for hydrau 
lic actuation of cylinder operators. B-I-F 
Industries, PO Box 276, Providence, RI 
Circle 360 on Reader Service Card 


TRANSISTORIZED INDICATORS 
Bulletin 137, 4 pp. Illustrates and outlines 
operating details of transistor-driven, tran 
sistor-controlled and conventional neon 
and incandescent indicator lights. Discus 
ses concept of transistorized indicators and 
their function in semiconductor circuitry 
Transistor Electronics Corp, 3357 Repub 
lic Ave, Minneapolis 26 

Circle 361 on Reader Service Card 


POLYCARBONATE RESIN SHAPES 
Folder CDC-389, 4 pp. Lists fabricators 
and sizes of rod, sheet, tube, film and slab 
available in stock or on order. Also traces 
14 properties of the engineering grad« 
polycarbonate. Chemical Materials Dept, 
General Electric Co, Pittsfield, Mass 
Circle 362 on Reader Service Card 


HARDFACING ELECTRODES AND 
WIRES—Brochure ADC 955, 44 pp. De 
scribes each electrode along with applica 
tion data. Also lists and illustrates over 100 
equipment parts that benefit from hard 
facing, together with type of wear to 
which each is subject and alloy needed to 
protect it. Air Reduction Sales Co, Div of 
Air Reduction Co Inc, 150 E 42nd St, 
New York 17 

Circle 363 on Reader Service Card 


PLASTICS FOR INSULATING ME- 
CHANICAL USES—Catalog A-61, 16 pp 
Covers line of laminated plastics, printed 
circuit boards, flexible insulation, molded 
plastics, vulcanized fiber and mica prod 
ucts. Contains discussion of hi-temp plas- 
tics and a product-materials directory aimed 
at critical electrical insulating and me 
chanical applications. Continental-Dia 
mond Fibre Corp, Newark, Del. 

Circle 364 on Reader Service Card 


MINIATURE BRONZE BEARINGS— 
Catalog 461, 18 pp. Presents typical char- 
acteristics, dimensions, load speed ratings, 
and base prices of flanged and sleeve bear- 
ings. Also covers specifications, dimen- 
sions and prices of limit stops, slip 
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,’ 
CURTIS HELPS 


THIS SWITCH LIVE TO 
A RIPE OLD AGE 


Pad-mounted transformers for under- 
ground power distribution systems are 
built to Fast a lifetime. They require a 
minimum of maintenance. Settings are 
changed infrequently. But when a change 
is required, this switch must operate 
smoothly and surely. To insure a long, 
dependable life, without freeze-ups or 
rust-outs, the manufacturer equipped it 
with a Curtis C-646 1” O.D. Stainless 
Steel double universal joint. 

This kind of dependability is the stock- 
in-trade of Curtis joints — size for size 
the strongest universal joints designed 
for industry. Selected materials, precision 
engineering, continuous testing, inspec- 
tion and quality control at every stage 
of manufacture — these are some of the 
things that make Curtis joints your most 
dependable buy. 

14 SIZES ALWAYS IN STOCK 

34” to 4” 


Not sold through distributors. Write or phone 
REpublic 7-0281 for latest catalog, free engi- 
neering data and price list. 


CURTIS 


UNIVERSAL JOINT CO., INC. 
116 Birnie Ave., Springfield 7, Mass. 


As near to you as your telephone. Enstustyety 
o@ manufacturer of universal joints since 191 


CIRCLE 215 ON READER SERVICE CARD 


clutches, gearing and shafts. Northfield 
Precision Instrument Corp, 4400 Austin 
Blvd, Island Park, LI, NY. 

Circle 365 on Reader Service Card 


TAKEUPS-—Brochure 2741, 16 pp. Sup 
plies ratings and dimensions of complete 
line, including multi-bearing frames for 
direct mounting of large variety of ball, 
roller, babbitted or bronze pillow blocks 
Link-Belt Co, Dept PR, Prudential Plaza, 
Chicago 1. 

Circle 366 on Reader Service Card 


SILICON DIFFUSED RECTIFIERS— 
Catalog, 6 pp. Outline drawings and me 
chanical and electrical specifications cover 
units ranging from 50 to 600 v PIV and 
from 250 milliamp to 22 amp. Raytheon 
Co, Semiconductor Div, 215 Ist Ave, 
Needham, Mass. 

Circle 367 on Reader Service Card 


MODULES-—Cata 


Describes system 


DIGITAL-SYSTEM 
log, 300 series, 16 pp 
functions which are packaged on each gold 
plated module. Block diagrams, logical de 
sign considerations and _ input-output 
specifications are presented. Price list is in 
cluded. Navigation Computer Corp, Valley 
Forge Industrial Park, Norristown, Penna 
Circle 368 on Reader Service Card 


PLUG-IN LIMIT SWITCH—Data shect, 
1 p. Outlines operating characteristics and 
electrical rating of switch that operates 
four circuits with each direction of the 
lever. Illustrations include dimension draw 
ings and contract arrangement diagrams 
Micro Switch Div, Minneapolis Honeywell 
Regulator Co, Freeport, III. 

Circle 369 on Reader Service Card 


RARE EARTHS, THORIUM—Brochure, 
8 pp. Tabulates properties and chemical 
inalyses of thorium, yttrium chemicals, 
metals and alloys of the rare earth group of 
clements. Also describes potential uses and 
manufacture. Vitro Chemical Co, Div of 
Vitro Corp of America, 342 Madison Ave, 
New York 17. 

Circle 370 on Reader Service Card 


MICROMINIATURE TRIMMING 
POT—Bulletin, 2 pp. Describes electrical, 
environmental and mechanical parameters 
of microminiature wire-wound trimming 
potentiometers and variable resistors. Also 
contains table showing resistance values, 
temperature curves, basic circuit diagrams, 
cutaway and dimension drawings. Edcliff 
Instruments, Con-Elco Div, 1711 S Moun 
tain Ave, Monrovia, Calif. 

Circle 371 on Reader Service Card 


LOW-VOLTAGE MOTOR CON.- 
TROLS—Brochure 3100-PRD-202, 16 pp. 
Shows dimensions and weights and con- 
struction details of magnetic, reduced volt 


continued on page 100 


NOW AVAILABLE 


TO DESIGNERS AND 
PRODUCT PLANNERS 


What Is PDCS? 
Prototype Die Casting Service is a new 
process which allows the low cost crea- 
tion of die castings ... in small quantities 
. « « Which look, feel, finish and perform 
remarkably like production die castings. 


Why Was PDCS 


Developed ? 
Overa year anda half of intensive research 
and test was devoted to the development 
of PDCS to provide a method of supplying 
sample die castings for test purposes... 
without the problem of underwriting per- 
manent tooling charges. 


How Can You Use PDCS? 
lf part of the product you are planning 
is to be a die casting and you need proto- 
type die castings to... supply your cus- 
tomers with samples... test the function 
of the completed assembly . . . gauge 
sales appeal by market-testing .. . judge 
the ‘‘feel’’ or appearance of the die 
casting ... PDCS represents the answer 
you have been looking for. 


How Much Does 
PDCS Cost? 
Amazingly little. The factors of shape, 
size, complexity and quantity all play a 

part in determining price. 


How Can You Start To 
Work With PDCS? 
If you have prints, models, sketches or 
just an idea of what you need in a die 
casting ... we are ready to help. Just fill 
out the coupon... clip and mail today. 


NEWTON-NEW HAVEN CO. 


710 Third Avenue 
EWTO 
West Haven, Conn. (VS i 


CUSTOM PRODUCERS OF DIE CASTINGS 


| have a problem to which PDCS may 
be the answer. Without cost to me or 
my company... 

[] Prints [] Models [] Sketches are 
being forwarded under separate cover. 
Please submit your cost estimate. 

[] Have your representative call. 

[_] Send me your free folder, ‘‘PDCS... 
Prelude to Production”. A 


NAME:___ 
Tivad:..... 
COMPANY: 
ADDRESS: 








A BRAND NEW-EXCLUSIVE- 
READER SERVICE 


THE DESIGN ENGINEERS’ 
PRODUCT CATALOG INDEX 


Here's a new service that will give you details on 
over 2000 catalogs and bulletins now available 
from suppliers. Not a directory—but an index! 
All literature classified under product headings 
and alphabetically by companies. Tells you 
what's available: gives you sources of supply: 
enables you to be sure literature you now have 
is up to date. Another great PRODUCT ENGINEER- 
ING exclusive. It will be added as a regular part 
of the popular... 


THE DESIGN DIGEST  svbscste now. Don 


miss getting your per- 


ISSUE. .«- to be published SG pictsr wit th 


new PRODUCT CATA- 
September 4th, 1961. LOG INDEX. 








Get the greatest benefit 
from Product Engineering 


by having your own sub- 


scription. 


Each week you can then read the 
articles and advertisements at your 
convenience—and set up your own 
information file. Use subscription 
card in back of this issue or write 
direct to: 


Circulation Manager 


Product Engineering 
23rd Floor 

330 W. 42nd St. 
New York 36, N. Y. 


DESIGN LITERATURE.........continued 


age, synchronous controls using auto-trans 
former or part winding starting. Includes 
voltage dip and voltage recovery curves; 
hp, current and power requirement tables; 
and connection diagrams. Electric Machin 
ery Mfg Co, Minneapolis 13. 

Circle 372 on Reader Service Card 


CERAMIC-TO-METAL COMPO. 
NENTS—Brochure, 8 pp. Discusses their 
applications and tabulates dimensions of 
tubular feedthrough, terminal insulator 
and cable end seal series. Describes com 
pany’s engineering, manufacturing and 
testing facilities, Ceramics International 
Corp, 39 Siding Pl, Mahwah, NJ. 

Circle 373 on Reader Service Card 


ELECTRONIC WELDING—Technical 
report, 17 pp. Traces resistance welding 
process; significant factors in resistance 
welding; evaluation of weldability of 
various materials; weldability of clad ma 
terials; and dissimilar materials. Illustrated 
with photographs of magnified welds, 
charts and graphs. Vacuum Tube Products 
Div, Hughes Aircraft Co, 2020 Short St, 
Oceanside, Calif. 

Circle 374 on Reader Service Card 


LETTERHEAD REQUESTS ONLY 


Manufacturers who published following 
literature asked that requests for copies be 
made on company letterheads. 


AIR MOTORS, VACUUM PUMPS, 
COMPRESSORS-—Loose-leaf catalog, 42 
pp. Contains specifications, drawings and 
performance charts, plus 12-page “‘applica 
tion ideas” for product engineers. Motors 
range from 1/20 to 7 hp; compressors from 
0.6 to 45 cfm (up to 30 psig); and pumps 
from 0.6 to 50 cfm (up to 28 in. Hg). 
Gast Mfg Corp, 23135 Hwy M-139, 
Benton Harbor, Mich. 


MINIATURE BALL BEARINGS—Cata 
log and technical handbook, 64 pp 
furnishes complete specifications and cross 
section drawings of miniature and instru 
ment-size bearings. Includes data on bear 
ing selection, materials, load ratings, torque 
and vibration testing, lubrication, measurc 
ments, tolerances, failure analysis, bearing 
ipplications, etc. Miniature Precision Bear 
ings Inc, Keene, NH 





FOR MORE CATALOGS 
AND BULLETINS 

. 1600 of ’em—see your copy 
of Product Engineering’s Mid-Sep 
1960 Design Digest. There you 
will find helpful design literature, 
classified under 10 different head- 
ings, from important manufacturers 
and suppliers of components, mate- 
rials, power and control systems, 
manufacturing processes. 
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ANGLgear® 
simplifies your 
90° drive 
problems 


ANGLgear’s hardened bevel gears and anti 
friction bearings —exposed in the cutaway above 

insure quiet, trouble-free operation. Being 
completely enclosed and permanently ltubri 
cated, unit requires virtually no maintenance 


Wherever you have a 90° power 
takeoff requirement in the 14 to 
5 hp range, a standardized ANGL- 
gear unit usually provides the 
simplest, most economical solution. 


Compact, high-capacity ANGL- 
gear offers you a number of ad- 
vantages. Featuring universal 
mounting, it is easier to design into 
your power transmission systems; 
easier to install. Incorporating pos- 
itive bevel gear drive, it eliminates 
slippage and minimizes backlash 
problems. Completely enclosed, it 
presents no safety hazard. Per- 
manently lubricated, it requires 
little or no maintenance. And being 
standardized, ANGLgear is eco- 
nomically priced. 


Standard ANGLgear is available 
from stock in 4%, 1, 2% and 5 hp 
ratings, with a choice of 1:1 or 
2:1 gear ratios and 2 or 3-way 
shafting. Send for Catalog IA-58 
or contact our local distributor. 
ENGINEERS: Write for free 
ANGLgear design templates. 


Engineered Equipment 
for Aircraft and Industry 
AIRBORNE ACCESSORIES 
CORPORATION 
HILLSIDE 5, NEW JERSEY 


CIRCLE 216 ON READER SERVICE CARD 


Reprints currently available without charge 
are listed on the Reader Service Card 
bound in this issue. Single copy free; 
quantity prices on request 

I'he following special reports are avail- 
able as long as the supply lasts from 
Reader Service Dept., Product Engineer- 
ing, 330 W 42nd St, New York 36. 
Please enclose remittance; we pay postage. 


Rolling-element Bearings $2 
Ball, roller and thrust bearings—their selec 
tion, test and analysis of their failures, 
64 p 


Design with Steel $2 
Latest design data for a wide range of 
steels and alloys for high strength and high 
temperature, 64 p. 


The New Mathematics $2 
Combined reprint of 18 articles with 
coverage in depth of the latest math tools 
of systems engineering, 64 p. 


Wk: and Motor Selection $2 
How to calculate rotational inertia and 
what is means in duty-cycle selection of 
motors and drives, 64 p. 


Engineering Models $2 
Working prototypes as well as 3-D 
“sketches”; here’s how to design and make 
them, 64 p. 


Shortcuts for Longhand Computation $2 
How to get the most from your sliderule. 
How to design nomographs. What’s avail- 
able in tabled data, 64 p. 


Patent Problems $1.50 
Review of Patent Office procedure and 
discussion of American and foreign laws 
and how they affect inventors, 48 p. 


Human Engineering $1.50 
Series of 14 articles with design data on 
man-machine problems and human dimen- 
sions, plus bibliography, 44 p. 


Creativity $1 
Combined reprint of 10 articles on the 
facts behind the fad, 32 p. 


Reading, Writing, Reporting $1 
Combined reprint of: 5 steps to faster 
reading: 8 steps to better writing: 7 steps 
to better reporting, 24 p. 


Why Don’t they KR & D? $1 
Here are 200 ideas for new inventions not 


now on the market, 64 p 


9 Lectures on Mechanisms $l 
How linkages and springs may be designed 
to balance loads, transmit forces, feed 


parts, 24 p. 


Manual of Reliability 50¢ 
How to design for reliability, human fac- 
tors, statistical tools; implementing the 
programs, 32 p. 





HEADING 


does it again! 





J 





Redesigned for 
Hubbell Cold Heading, 
this Brass Switch Handle is 


STRONGER 
MORE EFFICIENT 
BETTER LOOKING 


and only 


THE COST! 


Corrosion at joint 
caused breakage 


Both ends drilled and shaved 


End piece punched 
ind pierced 


Two pcs. joined by hand 


Center post staked 


If your operation uses large quantities of small 
metal parts formed on automatic screw ma- 
chines, equal or greater savings may be possible 
with Hubbell Cold Heading. 


HARVEY 


HUBBELL, 


i fete] ite]. 7.ua 18) 


REW Ny 
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FOR EVERY PURPOSE 
STOCKED FOR PROMPT DELIVERY 
CUT TO YOUR REQUIREMENTS 


CONTINENTAL FELT COMPANY, since 1905, has been supply- 
ing America’s leading companies with more than 300 grades 
of felt, in wool or synthetics... 


FREE! New, handy booklet “Comparative Properties of Indus- 
trial Felt” shows you immediately which felt to use! Write 
for your copy today! 


CONTINENTAL E' Eslsd COMPANY 


CIRCLE 102 ON READER SERVICE CARD | 





Do Your Copirs 
OF 


Product Engineering 


ARRIVE ON TIME 


If not, perhaps it is because there 
is an error in the address. Look 
at the address label now. 


Check for: 


Spelling 
Street Number 
Street Name 
and in particular 
Zone Number 


Incorrect zoning or no zone num- 
ber where one should be can 
slow up delivery by hours or 
days. Check now and 
know of any corrections. 


let us 


Product Engineering 
330 West 42nd St. 
New York 36, N. Y. 
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PRODUCTION 
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POWER TRANSMISSION 
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MECHANICAL PARTS 
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MOTORS, ENGINES AND CONTROLS 
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ELECTRICAL, ELECTRONIC 
COMPONENTS 
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HYDRAULIC, PNEUMATIC EQUIPMENT 
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INDEX OF PRODUCTS ADVERTISED IN THIS ISSUE 


\fter reading the advertis« ni I hed below VMORE DETAILED 
INFORMATION about thes« btained by using the 
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Lip pressure...too much | or too little, 


and you’ve a leaker for sure! 
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Too muct pressure. 
Seal burns up, shaft scored. 
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Shaft ae 
(fe 
Dirt side if Oil side 


Seal cocked during installation 


Shaft runout accelerates wear Uneven wear results immediately 


Ideal sealing conditions are (1) shaft in bore center, (2) no runout, 
(3) seal not cocked, (4) seal concentric, (5) bore round and smooth, 
(6) shaft round and properly finished, (7) seal proper size. 


Meeting these conditions is complicated, frequently requires special seal 
design or the specialized knowledge of National Seal engineers. 


Sealing problems should be anticipated and answered on the board, not 
in production. Why not call your National Seal engineer now about your 
current project. He’s in the Yellow Pages, under Oil Seals or O-Rings. 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
e GENERAL OFFICES: Redwood City, California 
6860 PLANTS: Van Wert, Ohio; Redwood City and Downey, California 
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INIT 
FOR 
YOU! 


BEARING DESIGN OF 
EMERSON ELECTRIC MOTORS 


Is Self-Oiling, Self-Aligning to assure 
Free Starting and Smooth Operation 
at all times The bronze bearing in Emerson 


Electric Motors has thousands of tiny cells that cause the 
bearing to act as a metal sponge and feed the shaft journal 
a controlled flow of lubricant. In cooling, it draws off excess 
oil to give free starting at low temperatures. Self-Alignment 
minimizes friction and greatly increases motor life when 
you install Emerson Electric Motors in your appliances 
and equipment. Emerson Electric Motors are custom 
engineered to meet your specific needs. Call us today 
you'll like our way of doing business! 


-EMERSON ELECTRIC of St.Louis + Since 1890 


OE PT M21, 8100 FLORISSANT @ SsT.t.ouis 36, MO.e CO1-1800 
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